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(54) Title: BICYCLIC HETERO AROMATIC COMPOUNDS AS PROTEIN TYROSINE KINASE INHIBITORS 
(57) Abstract 

Substituted heteroaromatic compounds of formula (A) wherein 
X is N or CH; in which (a) represents a fused 5, 6 or 7-membered 
heterocyclic ring and R 3 is a group ZR 4 wherein Z is joined to R 4 
through a (CH2)p group in which p is 0, 1, or 2 and Z represents 
a group V(CH 2 ), V(CF 2 ). (CH 2 )V, (CF 2 )V, V(CRR'). V(CHR) or V 
where R and R' are each C1.4 alkyl and in which V is a hydrocarbyl 
group containing 0, 1 or 2 carbon atoms, carbonyl, dicarbonyl, CH(OH), 
CH(CN), sulphonamide, amide, O, S(0) m or NK b where R b is hydrogen 
or R b is C».4 alkyl; and R 4 is an optionally substituted C34 cycloalkyl 
or an optionally substituted 5, 6, 7, 8, 9 or 10-membered carbocyclic 
or heterocyclic moiety; or R 3 is a group ZR 4 in which Z is NR b , 
and NR b and R 4 together form an optionally substituted 5, 6, 7, 
8, 9 or 10-membered carbocyclic or heterocyclic moiety, are protein 
tyrosine kinase inhibitors. The compounds are described, as are 
methods for their preparation, pharmaceutical compositions including 
such compounds and their use in medicine, for example in the treatment 
of psoriasis, fibrosis, atherosclerosis, restenosis, auto-immune disease, 
allergy, asthma, transplantation rejection, inflammation, thrombosis, 
nervous system diseases, and cancer. 




(A) 



(a) 
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BICYCLIC HETEROAROMATIC COMPOUNDS AS PROTEIN TYROSINE KINASE INHIBITORS 

The present invention relates to a series of substituted heteroaromatic 
compounds, methods for their preparation, pharmaceutical compositions 
containing them and their use in medicine. In particular, the invention relates to 
bioisosteres of quinoline and quinazoline derivatives which exhibit protein 
tyrosine kinase inhibition. 

Protein tyrosine kinases catalyse the phosphorylation of specific tyrosyl residues 
in various proteins involved in the regulation of cell growth and differentiation 
(A.RWilks, Progress in Growth Factor Research, 1990 (2), 97-111). Protein 
tyrosine kinases can be broadly classified as growth factor receptor (e.g. EGF-R, 
PDGF-R, FGF-R and c-erbB-2) or non-receptor (e.g. c-src, bcr-abl) kinases. 
Inappropriate or uncontrolled activation of many of these kinases i.e. aberrant 
protein tyrosine kinase activity, for example by over-expression or mutation, has 
been shown to result in uncontrolled cell growth. 

Aberrant activity of protein tyrosine kinases such as c-erbB-2, c-src, p56lck, EGF- 
R, PDGF-R, and zap70 has been implicated in human malignancies. 

Aberrant EGF-R activity has, for example, been implicated in cancers of the head 
and neck, and aberrant c-erbB-2 activity in breast, ovarian, non-small cell lung, 
pancreatic, gastric and colon cancers. Inhibitors of protein tyrosine kinase should 
therefore provide a treatment for tumours such as those outlined above. 

Aberrant protein tyrosine kinase activity has also been implicated in a variety of 
other disorders: psoriasis, (Dvir et al, J. Cell. Biol; 1991, 113 . 857-865), fibrosis, 
atherosclerosis, restenosis, (Buchdunger et al, Proc.NatLAcad.Sci. USA; 1991, 
92, 2258-2262), auto-immune disease, allergy, asthma, transplantation rejection 
(Klausner and Samelson, Cell; 1991, 64, 875-878), inflammation (Berkois, Blood; 
1992, 79(9) , 2446-2454), thrombosis (Salari et al, FEBS; 1990, 263(1) . 104-108) 
and nervous system diseases (Ohmichi et al, Biochemistry, 1992, 31, 4034- 
4039). Inhibitors of the specific protein tyrosine kinases involved in these 
diseases eg PDGF-R in restenosis and EGF-R in psoriasis, should lead to novel 
therapies for such disorders. P56lck and zap 70 are indicated in disease 
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conditions in which T cel,s are hyperactive eg nheumatoid arthritis, autoimmune 
disease, allergy, asthma and graft rejection. 



WO 9519774 discloses bicyclic derivatives of formula 



(I): 



(0 



« wh.ch A to E are nitrogen or carbon and at least one of A to E is nitrogen or 
J» ad,acen, atoms together are N. O or S; Ri is H or alkyl and n is 0 1 o7 Tend 
R2 mcludes optionally substituted alky,, alkoxy. cycloalkoxy, cycloaC • 2 

IT °Z 3 Carb ° CyCle ° r he ' er0CyCte ' and m is ° <° * "he compounds are 
sa,d to ,nh,b,t ep,dermal growth factor receptor tyrosine kinase and suggested 

zrir ~ «-~- « —» — -. s.~ 



contraception. 

SClOSeS a Class rsi ♦riow^i;^ ~. ... 

the formula 



EP0635507 discloses a class of tricyclic quinazoline derivatives of 




-(R 5 )„ 



OOC R , 



an) 



wherem R1 and R2 , ogether form specmed substituted groups 

comammg a, leas, one heteroatom so as to form a 5 or 6-membered Z in 
wh,ch there ,s a N atom at the 6 position of the quinazoline ring R 3 inc ,l£ 
,ndependen,,y hydrogen, hydroxy, haiogeno. (I^Oaiky,. a.L d - (1 

4C)alkyl]am,no, or < 2 -4C>alkanoylamino The above citation notes that "ecep or 
tyrosinases in genera,, which are important in the transmssion o 
b,ochem,ce, s.gnals initiating cel, replication, are frequently present in common 
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human cancers such as breast cancer (Sainsbury et al Brit. J. Cancer 1988, 58, 
458). This citation also states that tyrosine kinase activity is rarely detected in 
normal cells whereas it is frequently detectable in malignant cells (Hunter, CeM, 
1987, 50, 823) and it is suggested that inhibitors of receptor tyrosine kinase 
should be of value as inhibitors of the growth of mammalian cancer cells (Yaish et 
al. Science, 1988, 242, 933). This citation therefore has the aim of providing 
quinazoline derivatives which inhibit receptor tyrosine kinases involved in 
controlling the tumourigenic phenotype. 

The above compounds suffer the disadvantage that they are more difficult to 
synthesize than their quinoline and quinazoline counterparts on account of the 
additional structural complexity and accordingly there is a need for quinoline and 
quinazoline deriatives which are capable of inhibiting protein tyrosine kinase 
activity and yet are relatively simple to synthesize. There is no reference in the 
above citation to any such bicyclic heterocyclic system capable of inhibiting 
protein tyrosine kinase activity and the present invention seeks to fill this 
omission. 

Selective inhibition of the EGF receptor is, however, disclosed by Fry et al 
(Science, 265 . 1093 (1994)). This citation discloses that the compound: 



is a highly selective inhibitor of the EGF receptor tyrosine kinase at picomolar 
concentrations while inhibiting other tyrosine kinases only at micromolar or higher 
concentrations. This compound does not however exhibit good in vivo activity in 
contrast to the compounds of the present invention. 




HN 
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^^HHTJT ra Med Chem Lew (1993 ' * < 1 »' 173 - 176 ) **- 

compounds wh,ch blook angiotensin II receptors and have the genera, formuia 




(IV) 



« IS l ° yCliC he ' er0Cyle C ° mprisin9 a Umbered ring fused to 
another 6-membered ring, the bicyclic heterocycle comprising at leas, one 
heteroatom selected from N. O and S. and each fused ring independent 
con.a.n.ng 0 to 3 N atoms. 1 N atom and 1 O atom, 1 N atom or , s atom T o 
atom and 1 S atom, 2 O atoms. 2 S afoms or f o atom or 1 s afom with he 

e«r n 2 'o n M n N sTn b f n H 9 "*"' 8t0mS PSndam Rl and R '1 °-PS include 
tetra aw. N subsisted ammo, N substituted amide, N substituted urea 

pCC' am ' n ° SU ' Ph0ne ' Carb ° nyl ' me ' hylene a,k °^' s * h ° na,a «l 

WO 93/18035 and Bioorg Med Chem Let, (1993. 4 (1,. 173-176, relate to further 
ang,otens,on II receptor blocking compounds of formula (I, above with "he 

6-membered nng fused to a 5-membered ring, the bicyclic heterocycle comprising 
a, leas, one heteroa.om selected from N. O and S. In this app,ica,ion. the 6 
member* nng comprises 0 to 3 N atoms. 1 N atom and 1 O atom, 1 N atom and 

JLTl T m ^ 1 3 at ° m ' 2 ° a, ° ms ' 2 S aioms - 1 0 a, ° m . « 1 S atom 
and the S-membered ring comprises 0 to 3 N atoms, 1 N atom and 1 O atom 1 N 

atom and 1 S atom. 1 O atom and 1 S atom, 1 o atom, or 1 S atom with he 
remaming atoms in the fused rings being carbon atoms. 
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WO 86/06718 relates to a class of mono- and di- Mannich bases, derived from 4- 
(7'-substitut d-1 , l 5'-naphthyridin-4 , -ylamino)phenols and 4-(7'-substituted- 
quinolin-4*-ylamino) -phenols of formula (V) : 




in which Y is N or CH, and R 1 and R 2 are independently hydrogen or specified 
substituted amino groups. The compounds of formula (II) exhibit antimalarial 
activity. 



EP 0534341 relates to the preparation of 4-[(ar)alkoxy] pyrimidines for use as 
pesticides and agrochemical fungicides. This application discloses compounds 
of formula (VI): 

R 4 
I 

0 .CH-Q 

in which R 2 and R 3 together form an unsaturated 5-membered ring, together with 
the C atoms to which they are attached, containing an O or S atom; or R^ and R 3 
together form a saturated 5, 6 or 7-membered ring which may contain an O or S 
atom. 



EP 0452002 relates to 4-substituted thieno [2,3-d], [3,2-d] and [3,4-d] pyrimidines 
of formula (VII) below having fungicidal, insecticidal and miticidal utility : 
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(VII) 



in which 




and X includes O, S or NR4 where R 4 = H or a.kyl; Y includes a carbocyciic 
r.ng wh.ch may contain a heteroatom; and Z is a C 3 . 8 cycloalky or phenyl. 

Tetrahedron (1971, 27, 487-499) concerns an academic study which discloses 
nucleoph.hc substitution reactions of 4-chlorothieno[3,2-d]pyrimidines to produce 
a number of compounds in which the 4-substituent is bound to the pyrimidine via 
a heteroatom, for example 4-phenoxythieno[3,2-d]pyrimidine is exemplified. 

EP 0370704 relates to the preparation of 4-(benzylamino) pyrimidines of formula 
(VIII) as pesticides : 




(VIII) 
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It is a general object of the present invention to provide compounds suitable for 
the treatment of disorders mediated by protein tyrosine kinase activity, and in 
particular treatment of the above mentioned disorders. 

In addition to the treatment of tumours, the present invention envisages that other 
disorders mediated by protein tyrosine kinase activity may be treated effectively 
by preferential inhibition of the appropriate protein tyrosine kinase activity. 

Broad spectrum inhibition of protein tyrosine kinase may not provide optimal 
treatment of, for example tumours, and could in certain cases even be 
deterimental to subjects since protein tyrosine kinases provide an essential role 
in the normal regulation of cell growth. 

It is another object of the present invention to provide compounds which 
preferentially inhibit protein tyrosine kinases, such as c-erbB-2, p56lck, EGF-R 
and PDGF-R protein tyrosine kinases. 

A further object of the present invention is to provide compounds useful in the 
treatment of protein tyrosine kinase related diseases which minimise undesirable 
side-effects in the recipient. 

The present invention relates to heterocyclic compounds which may be used to 
treat disorders mediated by protein tyrosine kinases and in particular have anti- 
cancer properties. More particularly, the compounds of the present invention are 
potent inhibitors of protein tyrosine kinases such as c-erbB-2, EGF-R and p56lck 
thereby allowing clinical management of particular diseased tissues. 

The present invention envisages, in particular, the treatment of human 
malignancies, for example breast, stomach, ovary, colon, lung and pancreatic 
tumours, especially those driven by c-erbB-2, using the compounds of the present 
invention. For example, the invention includes compounds which are highly 
active against the c-erbB-2 protein tyrosine kinase in preference to the EGF 
receptor kinase hence allowing treatment of c-erbB-2 driven tumours. 

More particularly, the present invention envisages that disorders mediated by 
protein tyrosine kinase activity may be treated effectively by inhibition of the 
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app^pnate protein tyrosine kinase activity in a relativ ly se.ective manner 
thereby minimising potential side effects. 

Accordingly, the present invention provides a compound of formula (A): 



X 

R 2 ^N 




(R 1 ), 

(A) 



or a pharmaceutically acceptable salt thereof, 
wherein X is N or CH; 
wherein 



73 

ZX« J"* " m " °" 1 " *' the h **™y<*' ring containing a total of 1 2 
or 3 double bond, inclusive of the bond in the pyridine or pyhmidine ring Jth he 
proves that the heterocyotic ring does no, form pah of a purine and C he 
fused heterooyctic ring does no. oontain two adjaoent O or 8(5). atoms 

I as a dr n U H W K CH2) ' (CH | ,W ' ° f W ' in «** W * °- S <°W or NRa wherein m 
ts as defined above and R a is hydrogen or a C,. 8 alkyl group; 

each FT independently represents a 5- or 6-membered heterocyclic rino 
conta,n,ng 1 to 4 heteroa.oms selected from N. O or S(0, m , wherein m is as 
defined above, with the proviso that the ring does no, contain ,wo adjacan, O o 

»£Lf° h ° P J' 0na " y SUbS ' i,U,ed ty ° ne ° r more -dependemiy 
selected from hydroxy, halogen, trifluoromethyl. trifluorome.hoxy, ni.ro amino 
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cyano. C1-4 alkyl, C1-4 alkoxy, C1-4 alkylthio, C<|_4 alkyl carbonyl, formyl, 
carboxy. C1-4 alkoxy carbonyl. carboxamide, Ci_4 alkylamino carbonyl, (C1.4 
alkyl)amino, di-(C<|-4 alkyl)amino; or 

each R 1 is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, formyl, carboxy, trifluoromethyl, trifluoromethoxy, 
carbamoyl, ureido, C-j_8 alkyl, C-|_8 alkoxy, C3.8 cycloalkoxyl, C4.8 
alkylcycloalkoxy, C1.8 alkoxycarbonyl, N-Ci_4 alkylcarbamoyl, N,N-di-[C-|-4 
alkyl]carbamoyl, hydroxyamino, C1-4 alkoxyamino, C2-4 alkanoyloxyamino, Ci_4 
alkylamino, di[C-i_4 alkyl]amino, pyrrolidin-1-yl, piperidino, morpholino, 
thiomorpholino, thiomorpholino-1,1 -dioxide, piperazin-1-yl, 4-C<|-4 alkylpiperazin- 
1-y|, Ci_8 alkylthio, arylthio, C1.4 alkylsulphinyl, arylsulphinyl, C1-4 
alkylsulphonyl, arylsulphonyl, halogeno-C-|_4 alkyl, hydroxy-C-|_4 alkyl, C2-4 
alkanoyloxy-Ci»4 alkyl, C-|_4 alkoxy-Ci.4 alkyl, carboxy-Ci_4 alkyl, C1.4 
alkoxycarbonyl-Ci_4-alkyl, amino-Ci.4 alkyl, C<|_4 alkylamino-Ci.4 alkyl, di-[Ci_ 
4 alkyl]amino-Ci^4 alkyl, [di-Ci-4 alkyl]amino-Ct_4 alkylene-(Ci-4 alkyl)amino, 
C 1 _4alkylamino-C 1 _4alkylene-(C 1 _4alkyl)amino, hydroxy-C-i ^alkylene-( C 1 . 
4alkyl)amino, piperidino-C-i^alkyl, morpholino-Ci-4 alkyl, thiomorpholino-Ci.4 
alkyl, thiomorpholino-1,1 -dioxide-C-|_4 alkyl, piperazin-l-yl-C-j.4 alkyl, Ci_4 
alkylthio-Ci_4 alkyl. phenoxy-Ci_4 alkyl, anilino-C-j^ alkyl, phenylthio-C^ alkyl, 
cyano-Ci«4 alkyl, halogeno-C2-4 alkoxy, hydroxy-C2-4 alkoxy, C2-4 alkanoyloxy- 
C2-4 alkoxy, C-|_4 alkoxy-C2-4 alkoxy, carbamoyl-C-|_4 alkoxy, amino-C2-4 
alkoxy, C-|_4 alkylamino-C2-4 alkoxy, di-[Ci«4 alkyl]amino-C2-4 alkoxy, phenyl- 
C1.4 alkoxy, phenoxy-C2-4 alkoxy, anilino-C2-4 alkoxy, phenylthio-C2-4 alkoxy, 
piperidino-C2-4 alkoxy, morpholino-C2-4 alkoxy, thiomorpholino-C2-4 alkoxy, 
thiomorpholino-1,1 -dioxide-C2-4 alkoxy, piperazin-1 -yl-C2-4 alkoxy, halogeno- 
C2-4 alkylamino, hydroxy-C2-4 alkylamino, C2-4 alkanoyloxy-C2-4 alkylamino, 
Ci«4 alkoxy-C2-4 alkylamino, phenyl-Ci.4 alkylamino, phenoxy-C2-4 alkylamino, 
anilino-C2-4 alkylamino, phenylthio-C2-4 alkylamino, C2-4 alkanoylamino, Ci_4 
alkoxycarbonylamino, C1-4 alkylsulphonylamino, benzamido, 

benzenesulphonamido, 3-phenylureido, 2-oxopyrrolidin-1-yl, 2,5-dioxopyrrolidin- 
1-yl. halogeno-C2-4 alkanoylamino, hydroxy-C2-4 alkanoylamino, C<|_4 alkoxy- 
C2-4 alkanoylamino, and carboxy-C2-4 alkanoylamino, and wherein said 
benzamido or benzenesulphonamido substitutent or any anilino, phenoxy or 
phenyl group on a R 1 substituent may optionally bear one or two halogeno, C1.4 
alkyl or C1.4 alkoxy substituents; 
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and I is 0 to 3; 

or when I is 2 or 3. two adjacent R1 groups together form an optionally substituted 
methylenedioxy or ethylenedioxy group; 

R2 is selected from the group comprising; hydrogen, halogen, trifluoromethyl Ci 
4 alkyl and alkoxy; v 

R3 is a group ZR< wherein Z is joined to R< through a (CH 2 )p group in which p is 

wrwm Z / epreSentS 3 9r0Up V < CH 2>. V(CF 2 ), (CH 2 )V, (CF 2 )V, V(CRR.), 
V(CHR) or V where R and R-are each C M alkyl and in which V is a hydrocarbyl 
group conta.ning 0,1 or 2 carbon atoms, carbonyl, dicarbonyl, CH(OH) CH(CN) 
su.phonamide, amide, O, S(0) m or NR D where Rb is hydrogen or R b is c . 
alkyl; and R is an optionally substituted C„ cycloalkyl or an optionally 
substituted 5, 6, 7, 8, 9 or 1 0-membered carbocyclic or heterocyclic moiety 
or R ,s a group ZR< in which Z is NR b , and NR b and R< together form an 
optionally substituted 5, 6, 7, 8. 9 or 10-membered carbocyclic or heterocyclic 
moiety; 7 

each R5 is independently selected from the group comprising; hydrogen, hydroxy 
halogen. alkyl. alkoxy, alkylamino, di-[C^ alkyljamino, Cl J 

alkylth.o, C1 _4 alkylsulphinyl, alkylsulphonyl, alkylcarbony. C<Z 

alkylcarbamoyl, di-fC^ alkyl] carbamoyl, carbamy., a.koxycarbony. cyano 
nitro and trifluoromethyl, and n is 1 ,2 or 3. 

Heterocyclic groups comprise one or more rings which may be saturated 
unsaturated, or aromatic and which may independently contain one or more 
heteroatoms in each ring. 

Carbocyclic groups comprise one or more rings which may be independently 
saturated, unsaturated or aromatic and which contain only carbon and hydrogen. 

Suitably the 5, 6, 7. 8, 9 or 10-membered heterocyclic moiety is selected from the 
group comprising: furan, dioxolane, thiophene. pyrrole, imidazole, pyrrolidine 
pyran, pyndine, pyrimidine, morpholine, piperidine, oxazole, isoxazole oxazoline' 
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oxazolidine, thiazole, isothiazole, thiadiazole, benzofuran, indole, isoindole. 
quinazoline, quinoline, isoquinoline and ketal. 

Suitably the the 5, 6, 7, 8, 9 or 10-membered carbocyclic moiety is selected from 
the group comprising: phenyl, benzyl, indene, naphthalene, tetralin, decalin, 
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, and cycloheptyl. 

By halo is meant fluoro, chloro, bromo or iodo. 

Alkyl groups containing three or more carbon atoms may be straight, branched or 
cyclised. 

In an embodiment, X is N. 
In a further embodiment, 




is selected from the group comprising: 







(R )i 
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In a preferred embodiment, 



(R 1 ), (R 1 ), • (R 1 ), N (R 1 ), 

and I = 0, 1 or 2. 



In a further preferred embodiment, 
and I = 0, 1 or 2. 



ind Rb i s e r,er a tr h m rt Y " NRb<CH2) ' " <CH2,NR ^ V is NRb, 

ana is preferably hydrogen or methyl. 

In a further embodiment R 1 is seiected from the group comprising phenyl furan 
th,ophene, pyrrole. oxezole, isoxazole. thiazole, isothiazole. imidazole pyreTe 

ooln a r aZin h e ,° r 3 hydr ° 9ena,ed da ™ at - - -» of the aforementioned and s 
optionally subsided by one or more groups selected from hydroxy halogen 
trmuoromethy,, trifluoromethoxy. ni.ro, amino, cyano, aiKyt, L alkoxy C, 
4^103*00^.0^31^=3^1,^1 or carboxy 1- 
"I' 8 *°'«ted from the group comprising emino, hydrogen 

thtl h ? 7' n " r0 ' Cl -" "** C " ^ b «^'°xy. mo^hoLo 
th,omorpho„no thiomorphoiino-l.l^ioxide. pyrrotidino, piperidino. a^ No 
C,. 8 alky s ulph , ny ,, C1 . 8 alkylsulphony| Ci-4 a|ky|am . n dia|k ;, a 8 mjno y "^ 

(C " V am,n °- C ^ ^ne-fC^ 3lky03m.no. C^alkyiamino-C^a.Kyiaie 
(C 1 ^alky l )am,noorhydroxy-C 1 ^3lkylene-(C 1 ^alkyl)amino. 

JuraVrT ^"f 1 ™"' R1 iS selec,ed fr °"> '"e group comprising pheny, 
furan, pyrazole, ,m,dazole and pipeline, optionally substituted by one or morc 
groups selected from alkyl. formyl, carboxy or alkoxycerbonyf 

In 3 further preferred embodiment R 1 is independently selected from the orouo 
compnstng hydrogen, helogen, c M 3,ky,, benzytoxy, thiomirpho "no 
.^morpho„no.1.1-dioxide, aikyiamino, c M diamine 

! k Z 1 t a ' kyten r' C ^ al ^0amino. C^3,ky,3mino-C M 3,ky,en 
43lkyl)am,noorhydroxy-C 1 ^3lkylene-(C 1 ^3lkyl)amino. 
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In a further embodiment R 2 is hydrogen, C1.4 alky l t alkoxy or halogen, 
preferably hydrogen or methyl, more preferably hydrogen. 

In a further embodiment R 4 is an optionally substituted 5 or 6-membered 
carbocyclic or heterocyclic moiety. 

In a preferred embodiment R 4 is an optionally substituted phenyl, dioxolanyl, 
thienyl, cyclohexyl or pyridyl group. 

In a further embodiment, Z is oxygen, CH 2l NR b , NR b (CH 2 ), (CH 2 )NR b , 0(CH 2 ), 
(CH 2 )CN, 0(CF 2 ), (CH 2 )0, (CF 2 )0, S(CH 2 ), S(0) m , carbonyl or dicarbonyl, 
wherein R b is hydrogen or C1.4 alkyl. 

In a preferred embodiment Z is oxygen, dicarbonyl, OCH 2 , CH 2 (CN), S(0) m or 
NR b , wherein R b is hydrogen or alkyl. 

In a further embodiment, R 3 is benzyl, phenyl, pyridyl, pyridylmethyl, pyridyloxy, 
pyridylmethoxy, thienylmethoxy, dioxolanylmethoxy, cyclohexylmethoxy, phenoxy, 
phenylthio, benzyloxy, halo-, dihalo- and trihalobenzyloxy, Ci^ alkoxybenzyloxy, 
phenyloxalyl or phenylsulphonyl. 

In a further embodiment, R 3 is in the para position with respect to Y 

In a further embodiment R 5 is hydrogen, hydroxy, halogen, C-j^ alkyl, 
alkoxy, di-[C-|^ alkyl]amino, nitro or trifluoromethyl; in a preferred embodiment, 
R5 is hydrogen, halogen, trifluoromethyl or methyl, more preferably hydrogen. 

In a further embodiment, (R 5 ) n represents meta substituent(s) with respect to Y, 
and preferably n = 1. 

-n an embodiment, the optional substitutents for the carbocyclic or heterocyclic 
moiety, which may be present at any available position of said moiety, are 
selected from the group comprising: 
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cm coR-'rcH ^ o'. CHl),0R • ' CH '>' C0N ^' (CH^NR'COR' 

(OM 2 ) q COR . (CH 2 )<,R 8 , NR 8 S0 2 R 9 and S(0) m R e , 

wherein q is an integer from 0 to 4 inclusive; m is 0 1 or 2 

a R |kvTc R9 ? JTr^ S6,eCted fr ° m ^ 9r0UP C ° mpriSi "9 Cm 
alky C„ cyc.oa.kyl, aryl. a 5- or 6-membered saturated or unsatu ated 

slZ arM "T C ° ntainS " m ° re heteroatoms may bete 

the hi T 3 S6,eCted fr ° m N ' ° ° r S <°>- the proviso that 

the heterocychc nng does not contain two adjacent O or S(0) m atoms. 

In a further embodiment the optional substitutents for the carbocyclic or 
heter 0C y Cllc moje{y ^ ^ ^ rbo«d» or 

ox,des thereof, d.th.olane and oxides thereof, dioxane, pyridine pyrimidine 
pyraz,ne. pyridazine, furan, thiofuran, Pyrro ,e, triazine, TmW^e^S' 
tetrazole, pyrazo.e, oxazole, oxadiazole and thiadiazole. 

Other optional substituents for the carbocyclic or heterocyclic moiety and also for 

hll°n Pt ;T ,,y SUbStitUt6d ^ inC,Ude " bUt « « «i-ited to hydro 
halogea tr.fluoromethyl. trifluoromethoxy, nitro, amino, cyano, a.kyl 

alkoxy, a.kylthio, a.ky.carbonyl, carboxy.ate and altoxyoaLyl 

Preferred compounds of the present invention include 

4-(4-Benzyloxyanilino)-6-chloropyrido[3,4-d]pyrimidine 
4^4-Benzy.oxyani.ino)^ 

4-4-Benzy.oxyani.ino)^(A/-methy.imidazol-2-y.)pyrido[3,4^pyrimidine-' 
4- 4-Benzy oxyani.ino)-6-(/V-methy.pyrazol-2-y.)pyrido[3,4-d]pyrimidine ' 
4-(4-Benzyloxyanilino)-6-(furan-2-yl)pyrido[3,4-d]pyrimidine 

4-(4-Benzyloxyanilino)-6-(5-formy.furan-2-yl)pyrido[3,4-olpyrimidine 

4-(4-Benzyloxyanilino)-6-(A/,A/-dimethylamino)pyrido[3.4-d]pyrimidine 

^-Benzyloxyanilinoj^l-methylpiperazin^-yo-pyndop^-dlpyrimidine 

4-(4.Benzyloxyanilino)^-[(l-f-butoxycarbonyi)piperazin-4-yl]-pyridof3 4- ' 
djpyrimidine; y l ' 

4-{4-Benzyloxyanilino)-6-(thiomorpholin-4-yl)-pyrido[3,4-d]pyrimidine, 
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4-<4-Benzyloxyanilino)-6-(thiomorpholine-1 , 1 -dioxide-4-yl)-pyrido[3,4- 
d]pyrimidine; 

6-/S/ l A/-Dimethylamino^-(4-phenoxyanilino)pyrido[3 f 4^pyrimidine; 
6-Chloro-4-<4-phenylthioanilino)pyrido[3,4-d]pyrimidine;. 
6-Chloro^4-phenylsulphonylanilino)pyrido[3 l 4-d]pyrimidine;. 
6-(A/,/V-DimethylaminoM-(4^ 

6-(1-Methylpipera2in^-yl)-4-(4-phenylsulphonylanilino)-pyrido[3,4- 
cfjpyrimidine; 

6-[/V-Methyl-/V-(2Kiimethyta 
pyrido[3 t 4-d]pyrimidine; 

6-[A/-Methyl-A/-(2-hydroxyethyl)aminoH-(4-phenylsulphon 
rf]pyrimidine; 

6-Chloro^-[4-(1,3-dioxolan-2-yl)m^ 

6-(/V,A^Dimethyiamino)^ 

djpyrimidine; 

6- Benzyloxy-4-(4-benzyloxyanilino)pyrido[3 ) 4-d]pyrimidine; 
4-{4-Benzyloxyanilino)pyrido[2,3-d]pyrimidine; 
4-(4-Benzyloxyanilino)thieno[3 t 2-d]pynmidine; 
4-[3-Chloro^-(2-methoxybenzyloxy)anilino]thieno[3,2-cQpyrirnidine; 
4-[3-Chloro-4-(2-fluorobenzyloxy)anilino]thieno[3,2-d]pyrimidine; 
444'(2-Bromobenzyloxy)-3-chloroanilino]thieno[3,2-d]pyrimidine; 
4-[3-Methoxy^-(2-methoxybenzyloxy)anilino]thieno[3 t 2-d]pyrimidine; 
4-(4-Benzylanilino)thieno[3,2-d]pyrimidine; 
4-(4-Phenoxyanilino)thieno[3,2-d]pyrimidine; 
4-(4-(a > a-Difluorobenzyloxy)anilino)thieno[3 l 2-cQpyrimidine; 
4-[4-(2-Thienylmethoxy)anilino]thieno[3 t 2-cGpyrimidine; 
4-(4-Cyclohexylmethoxyanilino)thieno[3 l 2-d]pyrimidine; 

7- MethyM-(4-phenoxyanilino)thieno[3 f 2-d]pyrimidine; 
4-(4-Benzyloxy-3-trifluoromethyla^ 

4-[3-Chloro^-(2-fluorobenzyloxy)anilino]-5-methylthieno[2,3-d]pyrimidine; 

4- (4-Cyclohexylmethoxyanilino)-5-methylthieno[2,3-d]pyrimidine; 

5- Methyl-4-(4-phenoxyanilino)thieno[2,3-d]pyrimidine; 
4-(4-Phenoxyanilino)-5-(2-thienyl)thieno[2,3-d]pyrimidine; 
4-(4-Benzyloxy-3^hloroanilino)^-(A/,A/<limethylarnino)pyrido[3,4- 
d]pyrimidine; 
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oS!nr y ' amin °^^ 

and salts .hereof, particularly pharmaceutical* acceptable salts ,he7eof 

Other preferred compounds of the present invention include- 

4-<4.Phenylsulphonylanilino)-6-(1- n „e l h y ,i m id a20 |. 2 . yl) . pyr , do[ 3 4 . 
djpynmidine; 1 

4.(4-Ben 2 ytoxyanilino,-7-dimethylamino-pyrido[4,3-d]pyrimidine 
4- 4.Benzyloxyanilino)*(2-imidazolyl).pyrido[3,4-dJpyrimidine ' 

andsattT^ 

and salts thereof, particularly pharmaceutically acceptable salts thereof. 

Especially preferred compounds of the present invention include 

4-4-Ben 2 yloxyani,ino)^/v-methylimida 2 ol-5.y,,pyrido[3. 4 .a]pyrimidine 
ttln 7T ' ,inoWW ^ ime,h ^ m ™)P^o[3,4^pynmidine; ' 

r ' aminOH - [4 - (1 ' 3 - diO>< ° lan - 2 -^-^ani„no i pyrid0 ( 3,4- 

and salts thereof, particularly pharmaceutically acceptable salts thereof. 
.S^T ° ,,he,ormu,a < A > »n,ain asymmetric carbon atoms and are 

£Z7 0 ?t: of ex,s,in9 as op,ica ' isomers The « 

mixtures of these are .ncluded within the scope of the oresant i„ ■ 

Likewise, i, is understood tha, compounds of formuta ,A, may ST n , u~ 
forms other than that shown in the formula. tautomeric 

ZHZZT* COmpounds °' tha P re «nt invention may comprise acid addition sails 

resides IT " TJ" *" CWp - rt °' f °™ la < A > Tna "-P-* ac v 
htri r h T y iV6d fr ° m ' ha C ° mp0und <* ,ha ^vantion as defined 
herein and the id ntity of the other component is of less importance although ,o 
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therapeutic and prophylactic purposes it is, preferably, pharmaceutical^ 
acceptable to the patient. Examples of phannaceutically acceptable acid 
addition salts include those derived from mineral acids, such as hydrochloric, 
hydrobromic, phosphoric, metaphosphoric, nitric and sulphuric acids, and organic 
acids, such as tartaric, acetic, trifluoroacetic, citric, malic, lactic, fumaric, benzoic, 
glycollic, gluconic, succinic and methanesulphonic and arylsulphonic, for example 
E-toluenesulphonic, acids. 

In a further aspect, the present invention provides a process for the preparation 
of a compound of the formula (A), or a pharmaceutical^ acceptable salt thereof, 
which process comprises the reaction of a compound of the formula (B): 



L 




with a compound of the formula C: 



YH 




wherein L is a leaving group and X, Y and R 1 to R 5 are as hereinbefore defined. 
Suitable leaving groups will be well known to those skilled in the art and include, 
for example, halo such as chloro and bromo; sulphonyloxy groups such as 
methanesulphonyloxy and toluene-p-sulphonyloxy; and alkoxy groups. 

The reaction is conveniently carried out in the presence of a suitable inert 
solvent, for example a C1-4 alkanol, such as isopropanol, a halogenated 
hydrocarbon, an ether, an aromatic hydrocarbon or a dipolar aprotic solvent such 
as acetone or acetonitrile at a non-extreme temperature, for example from 0 to 
150°C. suitably 10 to 100°C, preferably 50 to 100°C. 
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Optionally, the reaction is carried out in the presence of a base when Y = NH 

alkaline earth metal carbonate, hydride or hydroxide, such as sodium or 
po,ass,um carbonate, hydride or hydroxide. When YH = OH or Sh" Z 

the^ ^ reaC "° n " *" Presence - a ba ». — - such a case 
the product is not obtained as the salt. 

The compound of formula (A) in the case in which Y = NRb may be obtained from 
th, process ,n the form of a sal, with the acid HL, wherein L s as he reZTe 

deled ° f M ,fee 11386 ^ ' rea,in9 ' ha Sa '« Wi,h a - 

The preparation of compounds (B) and (C, is we,, known to those skilled in the 

In addition to the above, one compound of formula (A) may be convened ,o 
anomer compound of formula ,A, by chemica, transformation of the ap p opr a e 
subswuen, or substituents using appropriate chemical methods (see for e empll 
J March "Advanced Organic Chemistry". Edition III, Wiley Interscience! iSjT' 

For example, a group R' may be substituted onto the ring U by replacement of 
another group R which is a suitable leaving group. This is aspe^sTa^ 
for prepanng compounds of formula (A, wherein an R 1 group is linked to hTnng 
by a n,.rogen atom; such compounds may, for example, be obtained by reaction 

zz::::"™ 90 "*" 9 ,o ,he 9roup ri *• —ponding 00:;:::: 

formua (A) earning a halo substituen, in the appropriate position on the ring 

rearon" of Th ~* m ** ** 8Xample ' be »l 

react.on of the corresponding heteroaryl stannane derivative with the 

»rrespon a ,ng compound of formula (A) carrying a halo substituenT n he 
appropnete pos,t,on on the ring using a suitable catalyst such as an 
o^anometallic compound of palladium (for example bis<.ripheny,pho Sph ine> 
pallad.um chlonde) together with any other required catalytic additives 
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A compound containing an alkyl or aryl mercapto group may be oxidised to the 
corresponding sulphinyl or sulphonyl compound by use of an organic peroxide 
(eg benzoyl peroxide) or suitable inorganic oxidant (eg OXONE ®). 

A compound containing a nitro substituent may be reduced to the corresponding 
amino-compound, eg by use of hydrogen and an appropriate catalyst (if there are 
no other susceptible groups) or by use of Raney Nickel and hydrazine hydrate. 

Amino or hydroxy substituents may be acylated by use of an acid chloride or an 
anhydride under appropriate conditions. Equally an acetate or amide group may 
be cleaved to the hydroxy or amino compound respectively by treatment with, for 
example, dilute aqueous base. 

In addition reaction of an amino substituent with triphosgene and another amine 
(eg aqueous ammonia, dimethylamine) gives the urea substituted product. 

An amino substituent may also be converted to a dimethylamino substituent by 
reaction with formic acid and sodium cyanoborohydride. 

All of the above-mentioned chemical transformations may also be used to convert 
one compound of formula (B) to a further compound of formula (B) prior to the 
reaction with the compound of formula (C); or to convert one compound of 
formula (C) to a further compound of formula (C) prior to the reaction with the 
compound of formula (B). The substituents present on the compounds (B) and 
(C) must be compatible with the conditions for their reaction together. 

The present invention also provides compounds of formula (A) and 
pharmaceutical^ acceptable salts thereof (hereinafter identified as the 'active 
ingredients') for use in medical therapy, and particularly in the treatment of 
disorders mediated by aberrant protein tyrosine kinase activity such as human 
malignancies and the other disorders mentioned above. The compounds are 
especially useful for the treatment of disorders caused by aberrant c-erbB-2 
activity such as breast, ovarian, non-small cell lung, pancreatic, gastric and colon 
cancers. 
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A further aspect of .he inv htioh provides a method of treatment of a human or 
an,ma, subject suffering from a disorder mediated by aberrant protein Zine 

Til T ,y 7? compriSBS adminis,ertn9 ,o ,ha h — - «S 

sa^eT 3 ^ ' 0rmUla <A) " 9 P" a ™~l.y acceptabie 

forlTair*" ^ PreSem inVen ' i0n PTOVideS ,he usa - ^ -"fund of 
formula (A), or a pharmaceutically acceptable salt thereof, in therapy. 

forlt e ,A aSPeC ' °' PreSen ' inVen ' i0n pr ° Vides ,na usa <* * """Pound of 
fonmula (A) or a pharmaceutically acceptable sal. .hereof, in .he preparation of a 
med.cament for the treatmen. of malignant tumours, at'onota 

forrnu, h a ir PeCl k Pr9Sem iWen,i0n PrOVidBS ,he usa °< • impound of 
formula (A), or a pharmaceutically acceptable sal. thereof, in the preparation of a 

med.camen, for ,he ,rea.men, of atherosclerosis, res.erosis or .hrombos.s 

Z!n i lL P0SS .K le C ° mPOUndS ° r Sal,S °' ,hs ^antion ,o be 

ohZr . Ch8miCal ' " " Pre,Srred <° ~ « ham - *. form of a 

pharmaceutical formulation. 

.l™u,», n9 10 8 fUrthSr fea ' Ure °' ' he PreSen ' inven,ion we "™ide Pharmaceutical 
formulations comprising a. leas, one compound of the formula (A, or 

Pharmaceutical acceptable sa,«s, .hereof, .oge.her w„h one or mo" 

pharmaceut,cally acceptable carriers, diluen.s or excipients. 

o^dl?"''? ' 0rmUlali0nS mav ba P resente « ^ -ni. dose forms containing a 
prede,em,,ned amount of active ingredien, per uni, dose. Sue* a uni, may 

formula IT^' * * ^ «° * a of .he 

formula (A, dependrng on ,he condi,ion being Seated, .he rou.e of adminis.ra.ion 
and the age. weight and condition of (he patient. 

Pharmaceutical formulations may be adapted for administration by any 
approbate route, for example by .he oral (including buccal or sublingual) reda, 
nasal, topical (including buccal, sublingual or .ransderma,,. vaginal or parental 
(,nc,uding subcutaneous, in.ramuscu,a, intravenous or in radenna„ La Such 
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formulations may be prepared by any method known in the art of pharmacy, for 
example by bringing into association the active ingredient with the carrier(s) or 
excipient(s). 

Pharmaceutical formulations adapted for oral administration may be presented as 
discrete units such as capsules or tablets; powders or granules; solutions or 
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in- 
water liquid emulsions or water-in-oil liquid emulsions. 

Pharmaceutical formulations adapted for transdermal administration may be 
presented as discrete patches intended to remain in intimate contact with the 
epidermis of the recipient for a prolonged period of time. For example, the active 
ingredient may be delivered from the patch by iontophoresis as generally 
described in Pharmaceutical Research, 3(6), 318 (1986). 

Pharmaceutical formulations adapted for topical administration may be formulated 
as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, 
sprays, aerosols or oils. 

For treatments of the eye or other external tissues, for example mouth and skin, 
the formulations are preferably applied as a topical ointment or cream. When 
formulated in an ointment, the active ingredient may be employed with either a 
paraffinic or a water-miscible ointment base. Alternatively, the active ingredient 
may be formulated in a cream with an oil-in-water cream base or a water-in-oil 
base. 

Pharmaceutical formulations adapted for topical administrations to the eye 
include eye drops wherein the active ingredient is dissolved or suspended in a 
suitable carrier, especially an aqueous solvent. 

Pharmaceutical formulations adapted for topical administration in the mouth 
include lozenges, pastilles and mouth washes. 

Pharmaceutical formulations adapted for rectal administration may be presented 
as suppositories or as enemas. 
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20 to 500 herons £Z SS^,*,^ - ** ** ampte - - 9 e 
by rapid inhalation through thTna S T' s i.e. 
held close up , 0 ,he nose Su»!h?^ , 9 3 °° nta ' ner <" < he P°*«er 
administration as a nasa, spra 0 r« ! ""^ ^ * is a *» 
solutions o, the aotiveCd^T ^ a «"™ ° r °" 

metered dose pressurised aerosols, ne^,^^". Var '° US °' 

pons, creams, gels, pastes, foams or spray formulations. 
Pharmaceutical formulations adaoted w ~« . 

aqueous and non-aqueous ster^ L , P t6ra ' adminis ^*°n include 
oxidants, buffers, bacteriosLs and Z^J??™ ™> ^ a ^ 

* - b ,ood of the ^XTir:^rr on ,sotonic 

suspensions which may include s„«n=^- aqueous and non-aqueous sterile 
formulations may be preset ZTln 22 ° M a9ents Tna 

sealed ampoule, 7 k " '""'^ C ° n,ainers ' ,or a *™P'e 

condition Quiring ZyZ a «L ZZZ?^ '—-dried (lyophil.ed, 
for injections, immediately prior to use 1*1 "L„ * ** 6Xamp,e wa,ar 

tensions may he ^ ^IJS^^T" ^ 

r s ^e?e:i:r:r ui r : ? ,hose — *• a ** — - 

ingredient. ' aPPr ° Pr,a,e frac,ion '" a ™»f. of an active 

'sZ u :z:^z ;rrr ,he ,n ~ ~* ~ 

regard to the type * forZ^ ^ ^ — 7' * " ^ 
administration may include flavouring agelT ' *° *° r ora ' 
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The compounds of the formula (A) and salts thereof have anticancer activity as 
demonstrat d hereinafter by their inhibition of the protein tyrosine kinase c-erbB- 
2 enzyme. It has thus been established that compounds of the present invention 
are of use in medicine and, in particular in the treatment of certain human 
malignancies, for example breast, ovarian non-small cell lung, pancreatic, gastric 
and colon cancers. Accordingly, the present invention provides a method for the 
treatment of susceptible malignancies in an animal, e.g. a human, which 
comprises administering to the animal a therapeutically effective amount of a 
compound or salt of the present invention. In the alternative, there is also 
provided a compound or salt of the present invention for use in medicine and, in 
particular, for use in the treatment of cancers. 

The present invention also provides the use of a compound of formula (A) or a 
salt thereof for the manufacture of a medicament for treatment of malignant 
tumours. 

The animal requiring treatment with a compound or salt of the present invention is 
usually a mammal, such as a human being. 

A therapeutically effective amount of a compound or salt of the present invention 
will depend upon a number of factors including, for example, the age and weight 
of the animal, the precise condition requiring treatment and its severity, the 
nature of the formulation, and the route of administration, and will ultimately be at 
the discretion of the attendant physician or veterinarian. However, an effective 
amount of a compound of the present invention for the treatment of neoplastic 
growth, for example colon or breast carcinoma will generally be in the range of 
0.1 to 100 mg/kg body weight of recipient (mammal) per day and more usually in 
the range of 1 to 10 mg/kg body weight per day. Thus, for a 70kg adult mammal, 
the actual amount per day would usually be from 70 to 700 mg and this amount 
may be given in a single dose per day or more usually in a number (such as two, 
three, four, five or six) of sub-doses per day such that the total daily dose is the 
same. An effective amount of a salt of the present invention may be determined 
as a proportion of the effective amount of the compound ger se. 
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consent ^ the assise, s^ureoH^Il^rs^ ^""^ " 
IR spectra were recorded on a Perkin Pi ma r 

Bruker FS66 spectrophotometer 9rat ' n9 S ^^eter or a 

1H NMR spectra were obtained on a Bruker WM Vin kimd 

360MHz, or on a Bruker A r«n 1 360-NMR spectrophotometer at 

oruker AC250 spectrophotometer at 5>*?omu, . 
given in Hz e,er at 25 °MHz. J values are 

rr :r a " ve) - hp ~^-~^ (e,ec,rospray 

Analyt,cal lh,n layer chromatography (tic) was ,L« .„ ! . 
in.ermedia.es which could not £ so*« TZ 1 „ ^ pUri,y " some 
characterisatioh and to follow h.,^ « * W9re *°° uns,able <°< 
T was done ^l^ZX oZT^, ™~ ~ 

statad solvent system underpressure °° meSh) ' and the 

Pe.ro. refers ,o petroleum ether, either the fraction boiling a, 4M0«C. or at 60 . 

Ether refers to diethylether. 
DMF refers to dimethylformamide. 
DMSO refers to dimethylsulphoxide 

Preparatinn of IntermoHi^^ 

5 -ff/V-ferr-R, .towcarbnnyii ^i^^ g^hjoro^ yridjne 

A stirred solution of 6-chloronicotinic acid M7 ™ h ^ 

(S^g) and tnethylamine ( <6ml> ^ ^^2^2^ T 

aqueous sod JZrLo 1 ( 2U ™T "* " ^ ^ S °' U,i °" °< 
«.ered. The ^^S^ J^^Z- ** ^ " 
.he .i„e compound W as a pala ^^^ p -~J^^7 
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This material was carried forward to give 6^hloro-3H-pvridof3.4-cnpvrimidin- 
4-one and 4.6^ichloropvridof3.4<flpvrimidine according to the procedures 
described for these compounds in W095/19774 

6-fA/.A/-Dimethvlamino)-3H'Pvridof3,4-cflpvrimidin-4>one 
6-Chloro-3H-pyrido[3,4H^pyrimidin-4-one was reacted with dimethylamine 
(2.0molar solution in methanol) in a pressure vessel at 130°C for 32 hours. 
The reaction mixture was concentrated in vacuo and the resulting solid 
washed with ethyl acetate. This solid was heated in 2-propanol to give a 
suspension, which was filtered. The filtrate was concentrated in vacuo to give 
the product (60%). 

4-Chloro-6'(A/.A/-dimethvlamino)pvhdof3.4-cnpyrimidine 

6-(A/ t A/-Dimethylamino)-3H-pyrido[3,4-c0pyrimidin-4-one (1.0g, 5.25 mmol) 
was heated at reflux with phosphorous oxychloride (8.5ml) and triethylamine 
(5.3 ml) for 3 hours. The mixture was concentrated in vacuo, azeotroping with 
toluene twice. The residue was partitioned between ethyl acetate and 
aqueous sodium hydrogen carbonate (8%), the layers separated, and the 
aqueous extracted once more with ethyl acetate. The combined organics 
were washed with water and brine, dried (sodium sulphate), and concentrated 
in vacuo. The residue was triturated with hexane to give the product as a 
solid (0.36g, 33%). 

General Procedures 

(A) Reaction of an amine with a bicvclic species containing a 4- 
chloropyrimidine ring 

The optionally substituted bicyclic species and the specified amine were 
mixed in an appropriate solvent (acetonitrile unless otherwise specified), and 
heated to reflux. When the reaction was complete (as judged by TLC), the 
reaction mixture was allowed to cool. The resulting suspension was diluted, 
e.g. with acetone, and the solid collected by filtration, washing e.g. with 
excess acetone, and dried at 60°C in vacuo, giving the product as the 
hydrochloride salt. If th free base was required (e.g. for further reaction), 
this was obtained by treatment with a base e.g. triethylamine; purification by 
chromatography was then performed, if required. 
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LB) R action gfa^gducrfram Procedure (A) 

leaving group such as a chin™ nr k ° Ure (A) ' (conta.n.ng a suitable 

dioxane under nitrogen for 24 hours "he r«uL 0 * 
purified by chromatography on silica. 9 6 W3S 9enera ">' 

chlorp'wasdL^Tn 1's^Z "T* ^ W "* » 
and heated in a pressure ^^1^"^^ S0 ' U " 0n lhere0,) 
was generaliy purified by ohromatogiphy on «£. ^ ^ ^ 

ID) Pren a r«,V,„ „, . -i lh-»tutA>l anilin. 

* - ~y 

acetonitrile at reflux until re ac ,i™ P° lass '^ carbonate (3 equiv.) in 

standard worx-up the ^ntLT ?T* ( " ^ TLC > «* 

Examp les 

Example _i 

*ch,oropy ri do,3, 4 -d, P yrin,idine; 5H (Cojy 9 I^T^ ^ 4 ' 6 " 
Exam ple ^ 

chloropyrido(3,4-o7py r i miaine ana s ° „ , 4 -< 4 ^"^ani,ino)^- 
(Prepared according ,o the P^^^S^TT^ 
-d). 57,; SH (2 H 6) .0 M SO ,0.00 (1 H.s, 9 , 5 \Z^\^ S ^ 
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s), 7.80 (1H,s), 7.61(2H,d), 7.50 (1H,s), 7.25-7.49 (5H.m). 7.10 (2H,d), 5.13 
(2H,s), 3.98 (3H.s); m/z(M + 1)* 409. 

Example 3 

4-M-Benzvloxvanilino)-6-(A/-methvlimidazol-2-vhPvridof3.4-c/lDvrirnidine. 
Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and 2-(tri-n-butylstannyl)-A/-methylimidazole 
(prepared according to the published method: J. Organometallic Chem., 
(1989). 61); 6H [2H6J-DMSO 10.35 (1H,s), 9.17 (1H,s), 9.13 (1H,s), 8.65 (1H, 
s), 7.79 (2H,d). 7.32-7.55 (6H,m), 7.13 (1H,s), 7.09 (2H,d), 5.16 (2H,s), 4.10 
(3H,s); m/z(M + 1) + 409. 

Example 4 

4-f4-Benzvloxvanilino)-6-fA/-methvlpvrazol-2-vl)pvridof3.4-o1Pvrimidine 
Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and 2-(tri-n-butylstannyl)-/V-methylpyrazole 
(prepared according to the published method: WO 94/00825); 8H [2H6]- 
DMSO 9.30 (1H,s), 8.80 (2H,m), 7.80 (2H,d), 7.65 (1H,d), 7.50 (6H,m), 7.20 
(2H,d), 6.90 (1H,d), 5.20 (2H,s). 4.25 (3H,s); m/z (M + 1) + 409. 

Example 5 

4-(4-Benzvloxvanilino)-6-(furan-2-vl>Pvridof3.4-olpyrimidine. 

Prepared according to Procedure B from 4-(4-benzyloxyanilino)-6- 

chloropyrido[3,4-d]pyrimidine and 2-(tri-n-butylstannyl)furan (Aldrich); 5H 

(2H61-DMSO 9.08 (1H,s), 8.70 (1H,s), 8.55 (1H,s), 7.90 (1H,d), 7.69 (2H, d), 

7.40 (5H,m), 7.10 (1H,d), 7.03 (2H,d), 6.69 (1H,m), 5.10 (2H,s); m/z (M + 1)* 

395. 

Example 6 

4-(4-Benzvloxvanilino^6-(5-formvlfuran-2-vh pvridor3.4-dlpyrimidine 
4-(4-Benzyloxyanilino)-6-chloropyrido[3.4-d]pyrimidine (4.0g, 11.0mmol), 2-(1,3- 
dioxolan-2-yl)-5-(tributylstannyl)furan (J. Chem. Soc, Chem Commun., (1988), 
560) (6.0g, 14.0mmol) were reacted together according to Procedure B for 20hrs. 
The reaction mixture was allowed to cool, 1N HCI (50ml) added and stirred at RT 
for 15 minutes. The reaction was filtered and the residue washed with dioxane 
(20ml) and 2N HCI (20ml). The combined filtrate and washings were stirred at RT 
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solvent removed under vacuum ZT^J (ma9nes,um and the 

acetate to give the product T 1fl ^ ^ With is ^exane/ethyl 

(1H. s. 5-H or 8-H), 7.89 (1H. d, fur an-HU '82 V" 
m, 5x Ph-H, furan-H), 7.21 (2H d 3'-H 5' m ou X 5 " ? 42 {6H ' 

423 ' " 5 " H) ' 5 26 (2H - s ' °CH 2 ); m/z (M + 1)* 



Example 7 

| H4-BenzYtoxY B nilino W /y /V-rtimethvlaminn^ ,^ , ,. 

(COCh) 9.00 (1H.S,. 8.52 (1H s) 7 59 2H dT 7 in ,1 9 S0 ' U,i ° n): 5 " 

,35 (1H .S, 5,0 ™* 

Example 8 

4-(4-Benzvloxy a nilinn)-fi- f i- me>thv | DiDP , rayin ^ 

Prepared acco rding to Procedure c f£ nm,f1,nP - 
ch.oro P yridof3.4-dlpyri m idine andTml , 4 -(4-ben 2 yioxyanilino)-6- 
„c fiM u % i • oJPynmiaine and 1-methylpiperazine; 6H (CDCI 3 ) 9 00 mho 

Example 9 
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Example 10 

4-(4-Benzvloxvanilino)^-rt^ 

Prepared according to Procedure C from 4-(4-benzyloxyanilino)-6- 
chloropyrido[3,4-d]pyrimidine and thiomorpholine; 5H (CDCI 3 ) 9 00 (1H,s), 
8.59 (1H,s), 7.59 (2H, d), 7.28-7.50 (5H,m), 7.03 (2H t d), 6.56 (1H,s), 5.09 
(2H,s), 3.92-4.18 (4H,m) I 2.62-2.92 (4H,m); m/z (M + 1)' 430. 

Example 1 1 

4-(4-Benzvloxvanilino)^-(thiomorpholine-1 , 1 -dioxide-4-vO-pvridof3.4- 
cflpvrimidine. 

4-(4-Benzyloxyanilino)^-(thiomorpholin^-yl)-pyrido[3,4-d]pyrimidine (0.075g, 
0.175 mmol) was dissolved in a mixture of methanol (20ml) and water (10ml) 
and reacted with Oxone® (2KHS0 5 .KHS0 4 . K 2 S0 4 , 0.323g, 0.525mmol) at 
room temperature for 24h to give the product as a yellow solid (0.023g, 28%); 
6H (CDCI 3 ) 10.17 (IH,s), 9.65 (1H,s), 9.04 (1H,s), 8.74 (1H,s), 7.73 (2H, d), 
7.30-7.63 (5H,m), 7.03 (2H,d), 5.11 (2H,s), 5.02 (2H,t), 4.54 (2H.t). 3.44 
(2H,d), 3.18 (2H,d); m/z (M + 1)* 462. 

Example 12 

6-A/ t A/-Dimethvlamino-4-f4-phenoxvanilino)pvridor3.4-c/lPvrimidine. 
6-Chloro-4-(4-phenoxyanilino)pyrido[3,4-d]pyrimidine was prepared by the 
reaction of 4-phenoxyaniline and 4,6-dichloropyrido[3,4-c0pyrimidine in 2- 
propanol according to Procedure A, with triethylamine present to give the free 
base of the product directly. Reaction of this product with dimethylamine 
(33% aqueous solution) according to Procedure C gave the title compound: 
5H (CDCI3) 9 00 (1H,s), 8.54 (1H,s), 7.70 (2H, d), 7.00-7.44 (5H,m), 7.13 
(2H,d), 6.38 (1 H,s), 3.22 (6H,s); m/z (M + 1 )* 358. 

Example 13 

6-Chloro-4-(4-phenvlthioanilino)pyridof3,4-cnpvrimidine hydochloride. 
Prepared according to Procedure A from 4-(phenylthio)aniline (commercially 
available from Salor) and 4,6-dichloropyrido[3,4-d]pyrimidine; 6H [ 2 H 6 ]-DMSO 
8.94 (1H ( s), 8.85 (1H,s), 8.25 (1H,s), 7.96 (2H,d), 7.24-7.49 (7H,m); m/z (M + 
1)* 365. 
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Example 14 

cllrZTJ', Pr0CedUre fr0m 4 «su,phon I aniline (He/, 
Ch,m 4«a., 1983. 66 (4). 1046) and 4,6-diohloropyrido[3 4^p yr i m , dine • ™ 
(Hl-DMSO 9.09 (1H.a,. 8.80-8.88 (2H. m ), 8.19 2H d 7 94^ 09 4H ^ 
7.53-7.20 (3H,m); m/z (M + 1 )* 397. ' Km) ' 

Example 15 

Prepa ed accord.ng , 0 Procedure c from 6-chloro^-<4- 
Phenylsulphonylani,ino)-pyridor3,4^ P y rim idine and dimethylamine (33% 
aqueous solution); «H (COCI,) 9.00 (1H.S), 8.57 (1Hs) 7 78-8 00 ,6^ 
7.70 (1H.br s, 7.45-7.65 <3H.m>. 6.50 ,1 H.S), 3.21 (6H.sK L (M ! 1)- £T 

Example16 

6-( 1 -Me thvlpipera^in-^l- 
(flpyrimidine 

o P vndl e 4r 0rdin ! '° PrOC6dUre C "° m 6 -* lo ^-H-Pn-y'3ulphony,ani,ino). 
8 9 n« "f 1 ^ ' ^ '-""WW"** «H <CDCI )+ D M SO> 9.66 (1Hs 
8.9 (1H.S). 8.52 (1H.S), 8.15 (2H, d), 7.88-7.98 (4H.m). 7.48-7 62 4H m) ,« 
3.74 <4H.m>, 2.52-2.64 (4H.m), 2.38 (3H.S); m/z (M * 1)' 461. 

Example 1 7 

6-f /V-Methvl-A/-r2-dimPth y i a m i noethY i ) aminr ,p {4 
Pvridor3 4-r n P vrimidinP 

Prepared according to Procedure C from 6-chloro-4-(4- 
Phenylsulphonylanilino)-pyrido[3,4-olpyrimidine and N NN' 

tnmethylethylenediamine; 6H (CDCI,) 8.92 (1H,s), 8.69 (1Hs) 8 49 M H V 
7.80-8.05 <6H.m>, 7.38-7.60 (3H.m), 6.79 (1H,s). 3 68 (2H > 3 42 (3H s 2 5 
(1H,t), 2.29 (6H,s); m/2 (Mh-D* 463. 3 42 (3H,s), 2.51 

Example 1ft 

^Ivr^ ■T^nyhnilinn )! - |, , P , 

Prepared according to Procedure C from 6-ch.oro-4-(4- 
PhenylsulphonylanilinO-pyridofS^-cdpyrimidine and 2-(methy,amino)ethanol; 
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8H [ 2 H 6 ]-DMSO 9.99 (1H,s), 8.89 (1H,s), 8.48 (1H.s), 8.20 (2H,d), 7.97-8.09 
(4H,m), 7.60-7.78 (3H,m), 7.27 (1H,s), 4.27 (1H,t), 3.75-3.85 (2H,m), 3.60- 
3.71 (2H.ni), 3.21 (3H,s); m/z (M + 1)* 436. 

Example 19 

6-Chloro^-f4-(1.3-dioxolan-2-vn^ 
hvdochloride. 

Prepared according to Procedure A from 4-(1,3-dioxolan-2-yl)methoxyaniline 
(prepared according to the published method: WO 96/09294) and 4,6- 
dichloropyrido[3 t 4-d]pyrimidine; 5H [ 2 H 6 ]-DMSO 9.06 (1H,s), 8.85 (1H,s), 8.79 
(1H,s), 7.73 (2H,d), 7.05 (2H,d), 5.21 (1H,t), 3.70-4.06 (6H,m); m/z (M + 1)* 
359. 

Example 20 

6-(A/ < A/-DimethvlaminoM44-(1.3-dioxolan-2-vnmethoxvanilino1pvridof3,4- 
cHpvrimidine. 

Prepared according to Procedure C from 6-chloro-4-[4-(1,3-dioxolan-2- 
yl)methoxyanilino]pyrido[3,4-d)pyrimidine and dimethylamine (33% aqueous 
solution); 6H (CDCI 3 ) 9.71 (1H,s), 8.87 (1H,s), 8.38 (1H,s), 7.78 (2H,d), 7.35 
(1H,s) 7.09 (2H,d) f 5.30 (1H,t), 4.00 (6H.ni), 3.25 (6H,s); m/z (M + if 368. 

Example 21 

6-Benzvloxv-4-(4-benzvloxvanilino)pvridof3,4-cnpvrimidine 
e-Chloro-SH-pyridolS^-dJpyrimidin^-one (9.08g, 50.0 mmol) was reacted 
with sodium hydride (60% dispersion on mineral oil, 8.14g, 203.5 mmol) in 
benzyl alcohol at 150°C for 18 hours. The mixture was partitioned between 
water and ether (water layer at pH14 from the excess sodium hydride) and the 
layers separated. The aqueous layer was further washed with ether, and 
then acidified to pH1 with dilute HCI, giving a cream precipitate. This was 
collected by filtration and dried at 60°C in vacuo to give 6-benzvloxv-3H- 
pyridof3.4-cnpvrimidin-4-one (10.59g, 84%); 6H [ 2 H 6 ]-DMSO 8.71 (1H,s), 7.79 
(1H,s), 7.25-7.48 (6H,m), 5.40 (2H,s); m/z (M + 1 )* 254. 

6-Benzyloxy-3H-pyrtdo[3,4-dlpyrimidin-4-one (1.033g, 4.08 mmol) was 
reacted with thionyl chloride (10ml) and dimethyl formamide (2 drops) at reflux 
under a nitrogen atmosphere for 5 hours, and then left at room temperature 
overnight. The mixture was concentrated in vacuo, azeotroping twice with 
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rr o n OXy ^" Ch ' 0rOP> ' rid0(3 ' 4 ' C,Pyrin,idine (ca ha " < h * above materia, ca 

71 ^. 5H [ H.]-DMSO 8 99 (1 H ,s). 8.73 (1H.S). 8.22 (1H s) 7 71 OH dm, 
7 55 <10H.m,, 7,0 <2H,d>, 5.50 (2H.S,, 5,3 (2H, s,; m/z (M + 1)' 435. ' 

Examp le ?3 

4-(4-Benzvlnxvanilino) pyriH o f 2, 3 . r y lp Yrimi H ; ^ 

TJ^ 6 38 d6SCribed ^ R * and 

y y nmne (U.issg, 1.0 mmol) were reacted in ethanol (10 ml) for ca 
2 hours, according to Procedure A A«^r ^ , ^ ' 

D tZ' 09raPh r °" Si ' iCa ' Wi ' h ~.=h,oJr " ,0, aTTe 

H 4 85 M y :lZ*°r l ° ° 209 ' 6%) *» 235 - 23 7-C; (Found: C 72 M 
4 85 ' N ' 16 57 C„H,«,N,0 O^SH^ requires C 72 16 H 4 oo m 
6H ' !H «)- 0 ^0 9,0 (1H. d, J 9, and 9.08 1 s ? * 

<2H J 7 S '2 2 : H H > ' I- 76 <1H ' J * * 7 - H »' 762 «»■ * J 9 2-H, 6^H) 74 
(2H, d. J 7, 2 -H. 6"-H). 7.38 (2H. 1, j 7. 3"-H. 5"-H) 7 30 (1H t I fl , 4» uf 

0^91 <«, J9 ' 5 - H> ' * ^ ~ « « 

Example ?3 

4-f4-BenzY(oxYanilino)thieno f 3 7-rflnvrimidine h^gyochloride 
4-Chlorothieno[3,2-d]pyrimidine (commercially available from m k . 
Chemioa, Co. Ud > <0.400 g . 2.35 mmoi, and ZJ££^ 0 £»°% 

Zed" r : r ; a r : , 2 " propano1 (1 ° m ° ,or 25 »*»■ « * 

w r : ' 7; " Pate -am prisms <0.640 g . 74%, 

m.p. 227-229 C, (Found: C, 60.86 H 4 19 w it-,/ 
C, 9 H, S N,OS.HCI.0.33H,0 requires: C. 60.71; H 443 N 11 iWv'llr ! ■ 
acelale, R, 0.38; SH fH^MSO 11.32 „H. or , NH^' 8 8 1 (1 H s 2-H) 8 45 
(1H. d, J 7. 6 H or 7 H) 7.28-7.62 (8H. m, 6H or 7H, 2'-H, 6'-H. 5 x PhH, 7 10 
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(2H. d, J 9, 3-H, 5'-H), 5.15 (2H, s, CH 2 ); m/z (%) 333 (34, M+), 242 (100), 91 
(49). 

Example 24 

4-f3-Chloro-4-f2-methoxvben2vloxv ^anilino1thienof3 2-cnDvrimidine 
hydrochloride 

4-Chlorothieno[3,2-d]pyrimidine (0.1 02g, 0.60 mmol) and 3-chloro-4-(2- 
methoxybenzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.161g, 0.65 mmol) were reacted in 2-propanol (4 ml) for 1.25 
hours, according to Procedure A. The product was obtained as pale cream 
prisms (0.203g, 78%) with m.p. 210-212°C; (Found: C, 55.28; H. 4.00; N, 
9.44. C 20 H 16 CIN 3 O 2 S.HCI requires: C, 55.31; H, 3.92; N. 9.67%); 8H [ 2 H 6 ]- 
DMSO 11.19 (1H, br s, NH). 8.88 (1H. s, 2-H), 8.48 (1H, d, J 7, 6 H or 7 H) 
7.87 (1H, d, J 5. 2*-H), 7.55-7.62 (2H, m, 6*-H, 4"-H), 7.48 (1H, d. J 7, 6H or 
7H), 7.28-7.40 (2H, m, 5-H, 6"-H). 7.09 (1H. d, J 9, 3"-H), 7.00 (1H, t, J 9, 5"- 
H), 5.22 (2H, s, CH 2 ), 3.85 (3H, s, OCH 3 ). 

Example 25 

4-r3-Chloro-4-( l 2-fluorobenzvloxv^anilino1thienof3.2-d1Pvrimidine hydrochloride 
4-Chlorothieno[3,2-d]pyrimidine (0.1 03g. 0.60 mmol) and 3-chloro-4-(2-fluoro- 
benzyloxy)aniline (prepared according to the published method: WO 
96/09294) (0.197g, 0.78 mmol) were reacted in 2-propanol (4.5ml) for 4.5 
hours, according to Procedure A. The product was obtained as cream prisms 
(0.208g, 82%) with m.p. 231-233°C; (Found: C, 53.39; H, 3.30; N, 9.79 
C, 9 H 13 CIFN 3 OS.HCI.H 2 0 requires: C, 53.47; H, 3.42; N, 9.85%); 5H [ 2 H 6 ]- 
DMSO 8.88 (1 H. s. 2-H), 8.47 (1 H, d. J 7, 6 H or 7 H) 7.88 (1 H, d, J 5, 2'-H), 
7.55-7.68 (3H, m), 7.33-7.49 (2H, m), 7.20-7.30 (2H, m) (6H or 7H, 5-H, 6-H, 
3"-H, 4"-H, 5"-H, 6"-H), 5.29 (2H, s, CH 2 ); m/z385 (M+1+). 

Example 26 

4-f4.(2-BromobenzvloxvV3-chloroanilino1thienof3.2 -o1pvrimidine 
hydrochloride 

4-Chlorothieno[3,2-d)pyrimidine (0.1 03g, 0.60 mmol) and 4-(2- 
fluorobenzyloxy)-3-chloroaniline (prepared according to the published 
method: WO 96/09294) (0.234g, 0.75 mmol) were reacted in 2-propanol (5ml) 
according to Procedure A. The product was obtained as pale cream prisms 



BNSOOCID: <WO 9713771A1J_> 



WO 97/1377 

34 PCT/EP96/04399 

(0.256g, 88%) with m.p 247-248T ~ 

1128 (1H. br ,. N-H), 8 88 ,,H s 2 „j B4 9 L\ ^ 5H [H) -° MS0 
(1H. * J 5. 2,H,, 7.57-7.75 (4H m J 7 44-7 53 H m, 7 an^ " ? "> 
or 7H, 5-H. 6'-H. 3"-H 4"-H 5" H £• u> « ,„ ' 7 ' 30 - 7 39 <2H, m) (6H 

H, 5 -H. 6 -H). 5.29 (2H, s, CH,); m/z 447 (M+). 

Examnla 77 

minutes according 10 Procedure A I T 2 -P™Panol (3ml) for75 
prisms (0.2113. wJ^mJ^TV? 0Wained " °''- Wh « e 
C J ,H,.N 1 0 3 S.HCI requires C 58 J °' 58 55; H ' 4 76 ' N a » 

(1H. s. 2-H, 8 41 7 6 H or J^f.*^ ° " 

(1H. d. J 9, 6 '-H), 7.34 (1H t J 8 4" M > 7 ,« , ' ' 6 " H ° r 7 " H) ' 7 42 

S'-H. 3»-H. S»-H) 6 98 MH, j - 1 If (1H * ^ 7 ° 2 ' 7 20 OK m. 
3H. 2 x s. 2 x OCh!, ^ H 33 3 J ( ^ ^ W * ^ 3 " " 3 7 * < 2 * 

Exam ple ?ft 

4-Chloroth 1 eno(3.2^pyrimidine (0 060a 0 35 - „ 

methane (commercial available from K f K,To ^ oT^T^'- 
reacted in 2-propanol (5 ml) for an ™„ . ^' 4 mmol) were 

white solid obtained v^a 4 r h eSa r° rdin9 '° Pr ° CedUreA Th * 
hydrochioride (0.070 g , 56%, Tp ^^^T^^^ 
11-72. C,.H, 5 N 5 S.HC,.0.1H,O requfre ■ C ^ 6 H . ^ * * ^ * 
IHJ-OMSO 11.05 (1H.brs.NH, 8.8 (,H 2 hI 843 mm « V"** 6 " 
H). 7.60-7.52 ,3H. m. ,6-H or 7-H, 2-H 6' H f 7 35 7 2 n 1 J * " " ? " 
2"-H. 3»-H, 5--H. 6»-H). 7.19 (1H t J 6 4- HI a J,™ ' m ' H S '" H ' 
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Example 29 

4-(4-Phenoxvanilino)thienof3.2<npvrimidin hydrochloride 
4-Chlorothieno[3,2-d]pyrimidine (0.085g, 0.50 mmol) and 4-phenoxyaniline 
(0.105g, 0.55 mmol) were reacted in 2-propanol (3.5 ml) for 3 hours according 
to Procedure A. The product was obtained as a cream solid (0.1 30g, 73%), 
m.p. 236-240°C; (Found: C. 60.61; H, 3.95, N, 11.93. Ci8H 13 N 3 OS.HCI 
requires: C, 60.76; H,3.97; N, 11.81%); 6H [ 2 H 6 ]-DMSO 10.93 (1H, br s, NH), 
8.80 (1H, s, 2-H), 8.42 (1H, d, J 8, 6-H or 7-H), 7.69 (2H, d, J 9, 2'-H, 6'-H), 
7.55 (1H, d, J 8, 6-H or 7-H), 7.41 (2H, t, J 9, 3 M -H, 5"-H), 7.18 (1H, t, J 9, 4"- 
H), 7.04-7.15 (4H, m, 3'-H, 5'-H, 2"-H, 6"-H); m/z (%) 318 (100, M-1*). 

Example 30 

4-(4-(a.a-Difluoroben2vloxv)anilino)thienor3.2-cnpvrimidine hydrochloride 
A mixture of 1,3 dibromo-5,5-dimethylhydantoin (11. 5g, 40.2 mmol), a,a- 
difluorotoluene (prepared by the published method of W. J. Middleton, J. Org. 
Chem., 1975, 40, p574) (7.0g, 55 mmol) and AIBN (0.25g) in CCU (300ml) 
was heated at reflux for 10 h while being irradiated (tungsten filament lamp, 
500W). The mixture was then diluted with petrol and the remaining precipitate 
removed by filtration. The filtrate was then evaporated and the resulting oil 
chromatographed (silica, petrol) to give a-bromo-a, a-difluorotoluene (5.5g, 
50%) as a colourless oil; 6H [ 2 H 6 ]-DMSO 7.68 (2H, d, J 8, 2-H, 6-H), 7.62-7.55 
(3H, m, 3-H, 4-H, 5-H); dC [ 2 H 3 ]-CDCI 3 138.3 (triplet, J 23, 1-C), 131.2 (4-C), 
128.6 (3-C and 5-C), 124.3 (2-C and 6-C), 118.6 (triplet, J 300, CBrF 2 ). This 
13 C data agrees with that published by A. Haas et a/., Chem Ser., 1988, 121, 
P1329. 

4-Nitrophenol (16.6g, 0.1 19 mol) was added to a stirred solution of potassium 
hydroxide (7.0g, 0.13 g) in absolute ethanol (50ml) and the mixture was 
heated at reflux for 30 min. Diethyl ether was then added to this yellow 
mixture and the resulting yellow precipitate collected by filtration to give 
potassium 4-nitrophenoxide (19.5g, 93%) as a bright yellow solid, which was 
used directly in the next step. 

A stirred mixture of potassium 4-nitrophenoxide (5.47g, 31 mmol) and a-bromo- 
a, a-difluorotoluene (3.2g, 15 mmol) in dry DMF (30 ml) under N 2 was heated 
at 78-80°C for 8 h. The mixture was then concentrated in vacuo to remove 
most of the DMF, and the residue was partitioned between aq. sat. sodium 
bicarbonate (30ml) and dichloromethane. The organic layer was separated 
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and the water layer further extracted with dichloromethane (2 x 50ml, The 
comb,ned organ,cs were wash d with water and dried over Na,SO tZ 
solvents were then evaporated in vacuo and the residue c roXUed 

<2H. d. J 9, 2-H. 6-H), 7 78 (2H, d, J 9. Z-H, 6'-H) 7 65-7 55 (SH m , ut u 
3'-H, 4,H. S'-H); mfc (%, 265 (39, M + ), 246 (44), 127 (lOu, ' ' 

A soluhon of 4-(a,a-difluorobenzyloxy)nitrobenzene <0.65g 2 5 mmol) in a 
m,,ure of ethy, acetate ,25m„ and methano, (25ml, was Left,,,™ e " to 

no un^aT T K rCOa ' (5 ° m9) ^ reSU " in9 S ~° n - «■"»■ l« 
ntp. under an atmosphere of hydrogen. When the reaction was complete (as 

nd,ca.ed by ,,c and calculated uptaKe of hydrogen) the suspend was 
Wered through a pad of hyflo and the filtrate evaporated to dryness to give 4 

J J, K (2H ' d J 7 3 " K ^ 510 « * ™ - <*> - 

4-Chlorothieno t 3,2-dJ P yrimidine (0.049g. 0.29 mmol, and 4-(a a-difluoro 
benzy,oxy)ani,ine <0.085g. 0.36 mmol, were reacted in 2-propano (SrnTo 30 
m,nu,es according to Procedure A. The white solid obtained wa Z ^a a 
irr^f;'"*^ 2 **™ hydrochloride ( 0.053g 
CHNSOFHn <deC): <F ° Und: °' 5657; H ' N. 10.42 

7 73 , u <1H ' *' 2 " H) ' 8 50 (1H ' * J * 6 - H or 7-H). 7 80- 

7.73 (4H, m. Z-H, 6-H, 2"-H, 6»-H,; 7.67-7.55 (4H. m, 3"-H 4»-H 5"-H andre 
H or 7-H,). 7.40 (2H, d. J 9. 3'-H, 5'-H); m/z ,%, 369 (60 M+, 242 ,10oT 
nmax (KBr disc)/cm-1 2550. 1630. 1591. 1504. 1468. 1321. 

Example 31 

^-(j-ThienylmethoxYlanilinnlthiBnora.y-riinvno^H^.^ .-,.-^,-^, 
4-Chlorothieno|3,2-olpyrimidine (0.1 02g, 0.60 mmol, and 4- (2 

^09294wn trTJ P,eParea aCCOrdi " 9 ,0 ,he published •»-»* WO 
96/09294) (0.135g. 0.66 mmol) were reacted in 2-propanol (5 ml) for 2 hours 

(0.138g, 61%) wrth m.p. 181-182X; (Found: C. 53.64. H 361 N 11 04 
C„H„N,OS,HC,.0.25H 2 O repuires: C. 53 68; H. 3.84; N, I'l.OS*, 5H 
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DMSO 11.28 (1H, br s, NH), 8.75 (1H, s, 2-H), 8.45 (1H, d, J 7, 6 H or 7 H) 
7.45-7.68 (4H, m, 6H or 7H, 2'-H ( 6'-H, 5 M -H), 6.95-7.28 (4H, m, 3'-H, 5'-H, 3 M - 

H, 4"-H), 5.32 (2H, s, CH 2 ); m/z 339 (M+). 

Example 32 

4-f4-Cvclohexvlmethoxvanilino)thienof3.2'Cnpvrimidine hydrochloride 
4-Chlorothieno[3,2-d]pyrimidine (0.171g, 1.00 mmol) and 4- 
cyclohexylmethoxy-aniline (prepared according to the published method: WO 
96/09294) (0.205g, 1 .00 mmol) were reacted in 2-propanol (5 ml) for 5 hours, 
according to Procedure A. The product was obtained as cream prisms 
(0.255g, 68%) with m.p. 232-233°C; (Found: C, 60.65; H, 5.68; N, 11.25. 
C19H21N3OS.HCI requires: C, 60.71; H, 5.90; N, 11.23%); 6H [ 2 H 6 ]-DMSO 
11.11 (1H, brs, NH), 8.71 (1H, s, 2-H), 8.41 (1H, d, J 7, 6 H or 7 H) 7.44-7.58 
<3H, m, 6H or 7H, 2'-H, 6'-H), 7.03 (2H, d, J 9, 3'-H, 5-H), 3.84 (2H, s, CH 2 ), 

I. 58-1.90 (6H, m) and 0.98-1.33 (5H, m) (cyclohexyl-Hn); m/z 339 (M+). 

Example 33 

7-MethvM-(4-phenoxvanilino)thienor3,2-cnpvrimidine hydrochloride 
4-Chloro-7-methylthieno[3 r 2-d]pyrimidine (commercially available from 
Maybridge Chemical Co. Ltd.) (0.185g, 1.00 mmol) and 4-phenoxyaniline 
(0.21 Og, 1.1 mmol) were reacted in 2-propanol (5 ml) for 2 hours according to 
Procedure A. The product was obtained as a yellow solid (0.294g, 80%), m.p. 
243-245°C; (Found: C, 61.46; H, 4.27, N, 11.32. Ci9H 15 N 3 OS.HCI requires: C, 
61.70; H, 4.36; N, 11.36%); 8H [ 2 H 6 ]-DMSO 10.85 (1H, br s, NH), 8.78 (1H, s, 
2-H), 8.05 (1H, 2, 6-H), 7.69 (2H, d, J 9, 2'-H, 6'-H), 7.42 (2H, t ( J 9, 3"-H, 5"- 
H), 7.00-7.20 (5H, m, 3'-H, 5'-H, 2"-H, 4 M -H, 6 M -H), 2.43 (3H, s, 7-CH 3 ); m/z 
(%) 333 (M*). 

Example 34 

4-(4-Benzvloxy-3-trifluoromethvlanilino)-7-methvlthienof3.2-cnpvrimidine 
hydrochloride 

4-Chloro-7-methylthieno[3,2-d]pyrimidine (0.111 g, 0.60 mmol) and 4- 
benzyloxy-3-trifluoromethylaniline (prepared according to the published 
method: WO 96/09294) (0.1 94g, 0.78 mmol) were reacted in 2-propanol (4.5 
ml) for 4 hours according to Procedur A. The product was obtained as a 
pal pink solid (0.257g, 95%), m.p. 219-220«C; (Found: C, 56.30; H, 4.91, N, 
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8.21. C 21 H 16 F,N 3 OS.HCI.iPrOH requires: C, 56 30 H 4 89 N «?io/> Eu 
fUj-DMSO 11.12 (1H, br s, NH), 8.81 (1H s 2 H) 8 12 M M J Jf \ " 
dH. d, J 2, 2--H), 7.97 (1H, dd, 92 6-m 729 749 \ ^ 

5-32 (2H, s, CH 2) , 5.79 (1H, sept, J S ^OH of P^OH 45^ s 7^1' 
105 (6H, d, J 6, C(CH,) 2 of iPrOH); m/z (%) 415 (M*) ' ^ 

Example 35 

^^-ff-nnnrob^oxy^nilinn) 5 3-mpyrimidin, 

^-Chloro-S-melhylthienop^-dlpyrimidine (commercially available from 
Maybndge Chemical Co Ltd., (0.092g. 0.50 mmol, and « 

^ 9 T 0 °Tr ilin ; <prepared accordin9 to -1™ wo 

96/09294) (0.164g, 0.65 mmol, were reacted in 2-propanol (3 5ml, fcT" 

0 156 a T2^ n9 A " Pr ° dUa ™ ° bl *™ d ascream pa e 

(0.156g, 72%, w,th m.p. 193-196X; (Found: C. 55 17- H 3 77 N ,« 

8.39 (1H. s. 2-H). 8.37 (IH, b, s, N-H,, 7.75 (1H. d. J 4, 2-H) 7 49-7 59 ,2H 
no. 7.34.7.44 (1H . m), 7.15-7.32 (4H. m) (6-H. 5'-H. 6-H 3"-H 4 • H 5 H 6 ' 
H,, 5.19 (2H, s, CHj,. 2.69 (3H, s, 5-CH 3 ); m/2 400 (M+1+,. " 

Example 3fi 

4 Chloro-5-methy lth ,eno[2.3-o ] p y r,m,d,ne <0.092g. 0.50 mmol) 4-cyclohexyl- 

,0 33^ 0 n o r <P T red aCCOrdin9 '° PUb " Shed ~ W ° 2«E 
(0.1339. 0.65 mmol, v»ere reacted in 2-propanol (3.5 ml, for 8 hours accord™, 

to P ocedure A. The product was obtained as a colourless solid (0 12oT 

62%), m.p. 180-183-C; (Found: C, 60.83; H, 6 10 N 10 53 

C*H 2 ,N,OS HCI.0.25H lO requires: C. 60.90; H, 6.22 N 1065% " 6H ftST 

DMSO 8.46 (1H, br s, NH). 8.39 ,1H, s. 2-H), 7.50 (2H ' d J 9 2 H 6 H> « _ 

»r * j * ** *♦* 3 81 <2h ' * j * & • « £ " 

Ch 1.60-1.88 (6H, m, and 0.98-1.45 (5H, m, (Cyclohexyl-H,,,; m/z 354 
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Example 37 

5-Methvl-4-f4-Dhenoxvanilino)thienof2.3-cnpvrimidine hydrochloride 
4-Chloro-5-methylthieno[2,3-olpyrimidine (0.185g, 1.00 mmol) and 4-phenoxy- 
aniline (0.210g, 1.1 mmol) were reacted in 2-propanol (6 ml) for 17 hours 
according to Procedure A. The product was obtained as a pale grey solid 
(0.297g, 80%), m.p. 21 8-221 °C; (Found: C, 61.61; H, 4.33, N. 11.25. 
C,9H 15 N 3 OS.HCI requires: C, 61.70; H. 4.36; N. 11.36%); 8H [ 2 H 6 ]-DMSO 8.60 
(1H, br s, NH), 8.49 (1H, s, 2-H), 7.68 (2H, d, J 9. 2'-H. e'-H), 7.33-7.48 (3H, 
m, 6-H, 3"-H, 5"-H), 7.17 (1H, t, J 9, 4"-H), 7.00-7.10 (4H, m, 3*-H, 5'-H, 2"-H, 
6"-H), 2.75 (3H, s, 5-CH 3 ); m/z 333 (M*). 

Example 38 

4-(4-Phenoxvanilino>-5-(2-thienvnthienor2.3-o1pyrimidine hydrochloride 
4-Chloro-5-(2-thienyl)thieno[2,3-d]pyrimidine (commercially available from 
Maybridge Chemical Co. Ltd.) (0.126g, 0.50 mmol) and 4-phenoxyaniline 
(0.1 16g, 0.63 mmol) were reacted in 2-propanol (3 ml) for 6.5 hours according 
to Procedure A. The product was obtained as an off-white powder (0.1 50g, 
71%), m.p. 171-172°C (effervescence); (Found: C, 62.60; H, 3.60, N, 9.85. 
C2 2 H,5N 3 OS2.0.67HCI requires: C, 62.06; H, 3.71; N, 9.87%); 5H [ 2 H 6 ]-DMSO 
8.58 (1H,s), 7.79-7.85 (2H,m), 7.29-7.56 (7H,m), 6.93-7.13 (5H,m), m/z 401 
(M+). 

Example 39 

4-(4-Benzyloxv-3-chloroanilino)-6-(A/,A/-dimethvlamino^pyridof3,4-o1Pvrimidine 
hydrochloride. 

Prepared according to Procedure A from 4-chloro-6-(A/,A/-dimethylamino)- 
pyrido[3,4-d]pyrimidine and 4-benzyloxy-3-chloroaniline (prepared according 
to the published method: WO96/09294); tic (dichloromethane: ethanol: aq. 
ammonia, 100:8:1) Rf 0.48; m/z (M + 1)* 406. 
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Example 40 

6-(A/,A/-Dim thYlamino M - f 4-(l.ph.nv, ^ ^rvr^^^ ^ , 
cflpvrimidi ne hvdrorJMnriHo 

Prepared according to Procedure A from 4-ch,oro-6-(A/,A/-di m eth y ,amino)- 
pyndop.^pyrimidine and ^aminopheny.J-pheny.acetonitrile (commercially 
available from Salor); tic (dich.oromethane:ethanol:a q .ammonia, 100 8 1) Rf 
0.43; m/2(M + 1)* 381. ' 



Example 41 

dlovrimid ine hvdrnrhinriHo 
Prepared according to Procedure A from 4-ch,oro^(A/./V-dimethylamino)- 
Pyndo[3,4^ P yrimidine and 1-(4-aminophenyl).2- P henylethan.1.2-dione 
(commercially ava i,ab, e from Salor); t.c (dichloromethane: ethane, 
aq.ammonia, 100:8:1) Rf 0.44; m/z (M + 1)* 398. 

Example 4? 

6-f/V , A/-Pime,hvlaminoH-f4-f ? -pvn rtvl m., h n < v te ninn.u ro ,.H„ f , , 
hydrochloride 

4-(2-Pyridylmethoxy)aniline was prepared from 4-nitrophenol (Aldrich) and 2- 
Picoly. ch.oride hydrochloride (Aldrich) according to Procedure D This was 
reacted with 4-ch,oro-6-(A/,A,-dimethy.amino )P yrido[3,4-cy]pyrimidine according 
to Procedure A to give the product; tic (dichloromethane:ethanol.aq ammonia 
100:8:1) Rf 0.37; m/z (M + 1)' 373. 



/rimidine 



Example 43 

6-(/V,A/.Dimftthvlaminn)^.f 4.r2-f| U ornh»n^y ^, 
hydrochloride 

4-<2-Fluorobenzyloxy)aniline was prepared from 4-nitrophenol (Aldrich) and 2- 
fluorobenzylbromide (Aldrich) according to Procedure D. This was reacted 
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with 4^loro^-(A/,A/^imethylamino)pyrido[3 f 4-d]pyrimidine according to 
Procedure A to give the product; tic (dichloromethane:ethanol:aq. ammonia, 
100:8:1) Rf 0.48; m/z (M + 1)* 390. 

Example 44 

6-(A/.A/-DimethvlaminoM-f4>f3-f]uorobenzvloxv)anilino1pyridof3.4>cnDvrimidine 
hydrochloride. 

4-(3-Fluorobenzyloxy)aniIine was prepared from 4-nitrophenol (Aldrich) and 3- 
fluorobenzylbromide (Aldrich) according to Procedure D. This was reacted with 
4-chloro-6-(A/ l A/-dimethylamino)pyrido[3,4-d]pyrimidine according to Procedure A 
to give the product; tic (dichloromethane:ethanol:aq. ammonia, 100:8:1) Rf 0.48; 
mte(M + 1f 390. 

Examples 45 to 49 

The following compounds are prepared by analogous techniques using the 
appropriate starting materials: 

4-(4-Phenylsulphonylanilino)-6-(1-methylimidazol-2-yl)-pyrido[3 f 4- 
d]pyrimidine; 

4-(4-Benzyloxyanilino)-7-dimethylamino-pyrido[4,3-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(2-imidazolyl)-pyrido[3,4-d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(5-carboxyfuran-2-yl)-pyrido[3,4-d]pyrimidine. 
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Biological Data 

Compounds of the present inv ntion were tested for protein tyrosine kinase 
tnhtbrtory eottvtty in a substrate phosphorylation assay and a cel. proliferation 

aSSdy. 



TnZT^ Ph0 T°Tf 0n 3SSay US6S 3 b3CUlOVirUS eXpressed " recombinant 
construct of the .ntrace.lular domain of c-erbB-2 that is constitutive* active The 

CLZTT the abi,ity of the iso,ated en2yme t0 cata,yse the transfer * 

P-label.ed y-phosphate from ATP onto tyrosine residues in a synthetic peptide 

In JmT? ^ inCUbat6d f ° r 1 hOUr ' 3t r °° m tem Perature, with 100uM ATP 
10mM MnCI 2 . 1mg/mi PolyGluAlaTyr (6:3:1) and test compound (diluted from a 
5mM stock in DMSO, final DMSO concentration is 2%) in 40mM HEPES buffer 

ZimznJT rea ^° n " St ° PPed by ^ addUi0n ° f EDTA < final concentration 
0.1M) and the pept.de » then precipitated onto ion exchange filter paper and the 

.ncorporated radioactivity determined. The results are shown in the first column of 
Table 1 below as the IC 50 values in nM. 

JUL 0 ? TIT™ 3SSay USes an ^niortalised human breast epithelial cell line 
(HB4a) wh,ch has been transformed by over-expression of c-erbB-2 Growth of 
these cells in low serum is dependent upon the c-erbB-2 tyrosine kinase activity 
The speaficity of the effect of the test compounds on tyrosine kinase dependent 
growth over general toxicity is assessed by comparison to an HB4a cell line 
which has been transfected with ras. Cell, are plated at 3000/we.l in 96-wel. 
plates m 0.1 ml medium and allowed to attach overnight, test compound is added 
-n 0.1 ml medium, with a final concentration of 0.5% DMSO, and the plates 
-ncubated for 4 days at 37X. The cells are then examined microscopically for 
evdence of morphological detransformation and cell mass is estimated by 
sta,n,ng with methylene blue and measuring the absorbance at 620nm The 
results are shown in the second and third columns of Table 1 below as the ICc n 
values in nM. 50 
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Table 1 



Compound of 
Example 


erbB-2 Substrate 
Phosphorylation 


HB4a erbB-2 CeU 
Proliferation 


HB4a ras Cell 
Proliferation 


1 


58 


2700 


17000 


2 


26 


690 


3700 


3 


115 


11000 


44000 


4 


124 


2500 


11000 


5 


14 


500 


11000 


7 


1.3 


300 


>50000 


8 


20 


590 


7500 


11 


920 


10000 


37000 


12 


24 


1600 


31000 


14 


900 


15000 


50000 


15 


30 


570 


32000 


16 


50 


2400 


6600 


17 


200 


4400 


10000 


18 


5 


150 


28000 


20 


10 


2400 


46000 


23 


300 


2000 


5000 


24 


50 


1 0000 


18000 


25 


150 


500 


3000 


26 


230 


2500 


30000 


28 


200 


3000 


13000 


29 


110 


5000 


20000 


30 


860 


6000 


15000 


35 


99 


8000 


25000 


36 


500 


10000 


10000 


37 


650 


17000 


25000 


38 


490 


20000 


20000 
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Claims 

1- A compound of formula (A): 




R2 ^ N ^ (R«), 

(A) 

or a pharmaceutically acceptable salt thereof, 
or a pharmaceutically acceptable salt thereof, 
wherein X is N or CH; 
wherein 



X5 

represents a fused 5, 6 or 7-membered heterocyclic ring containing 1 ,o 5 
heteroatoms which may be the same or different and which are selected from N 

nr ?j ' k I"" k ! m " °' 1 ° r Z ^ he,ero ^^ *9 containing a total of 1 . 2 
or 3 double bonds inclusive of the bond in the pyridine or pynmidine ring, with the 
proves ,ha« the heterocyclic ring does not form par, of a purine and .ha, Z 
fused heterocyclic ring does not contain two adjacent O or S(0) m atoms; 

I as a de;° U H W K CH2> ' <CH a 2>W ' ° r W ' in "** W iS °' S(0 >- - NR- wherein m 
as def,nea above an ° " a '* hydrogen or a C-,. 8 alkyl group; 

each R 1 independently represents a 5- or 6-membered heterocyclic ring 
con,a,n,ng 1 ,o 4 he.eroatoms selected from N, O or S(0)„, wherein m is as 
defined above, with the proviso tha, ,he ring does no, comain Wo adjacent O or 
S(0)„ atoms, optionally substituted by one or more groups independently 
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selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, nitro, amino, 
cyano, C-|_4 alkyl, C1.4 alkoxy, C1.4 alkylthio, alkyl carbonyl, formyl, 

carboxy, C-|_4 alkoxy carbonyl, carboxamide, C1-4 alkylamino carbonyl, (Ci_4 
alkyl)amino, di-(Ci_4 alkyl)amino; or 

each R 1 is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, formyl, carboxy, trifluoromethyl, trifluoromethoxy, 
carbamoyl, ureido, Ci_e alkyl, C<|.e alkoxy, C3.8 cycloalkoxyl, C4.8 
alkylcycloalkoxy, C-|.8 alkoxycarbonyl, N-C<|_4 alkylcarbamoyl, N.N-di-[Ci_4 
alkyl]carbamoyl, hydroxyamino, C-|_4 alkoxyamino, C2-4 alkanoyloxyamino, C1-4 
alkylamino, di[Ci^4 alkyljamino. pyrrolidin-1-yl, piperidino. morpholino, 
thiomorpholino, thiomorpholino-1,1 -dioxide, piperazin-1 -yl, 4-C-|_4 alkylpiperazin- 
1-yl. Ci.e alkylthio, arylthio, C-\^ alkylsulphinyl, arylsulphinyl, C<|_4 
alkylsulphonyl, arylsulphonyl, halogeno-Ci-4 alkyl, hydroxy-Ci_4 alkyl, C2-4 
alkanoyloxy-Ci_4 alkyl, C-|_4 alkoxy-Ci«4 alkyl, carboxy-Ci-4 alkyl, C<|_4 
alkoxycarbonyl-Ci^4-alkyl, amino-Ci_4 alkyl, C1.4 alkylamino-C<|_4 alkyl, di-[Cv 
4 alkyl]amino-C<|_4 alkyl, [di-C-|_4 alkyl]amino-Ci«4 alkylene-(Ci-4 alkyl)amino, 
C-| «4alkylamino-Ci -4alkylene-(Ci ^alkyl)amino, hydroxy-C 1 ^alkylene-(C 1 . 
4alkyl)amino, piperidino-C<|_4alkyl, morpholino-C-|_4 alkyl, thiomorpholino-C<|_4 
alkyl, thiomorpholino-1,1-dioxide-C<|_4 alkyl, piperazin-1 -yl-C 1.4 alkyl, C<|_4 
alkylthio-Ci^4 alkyl, phenoxy-C-|_4 alkyl, anilino-C<|_4 alkyl, phenylthio-C-|_4 alkyl, 
cyano-C<|_4 alkyl, halogeno-C2-4 alkoxy, hydroxy-C2-4 alkoxy, C2-4 alkanoyloxy- 
C2-4 alkoxy, Ci_4 alkoxy-C2-4 alkoxy, carbamoyl-C<|-4 alkoxy, amino-C2-4 
alkoxy, C-|_4 alkylamino-C2-4 alkoxy, di-[C-|.4 alkyl]amino-C2-4 alkoxy, phenyl- 
C1.4 alkoxy, phenoxy-C2-4 alkoxy, anilino-C2-4 alkoxy, phenylthio-C2-4 alkoxy, 
piperidino-C2-4 alkoxy, morpholino-C2-4 alkoxy, thiomorpholino-C2-4 alkoxy, 
thiomorpholino-1,1 -dioxide-C2-4 alkoxy, piperazin-1-yl-C2-4 alkoxy, halogeno- 
C2-4 alkylamino, hydroxy-C2-4 alkylamino, C2-4 alkanoyloxy-C2-4 alkylamino. 
C-|_4 alkoxy-C2-4 alkylamino, phenyl-C^ alkylamino, phenoxy-C2-4 alkylamino, 
anilino-C2-4 alkylamino, phenylthio-C2-4 alkylamino, C2-4 alkanoylamino, C1.4 
alkoxycarbonylamino, C1-4 alkylsulphonylamino, benzamido, 

benzenesulphonamido, 3-phenylureido, 2-oxopyrrolidin-1-yl, 2,5-dioxopyrrolidin- 
1-yl, halogeno-C2-4 alkanoylamino, hydroxy-C2-4 alkanoylamino, Ci_4 alkoxy- 
C2-4 alkanoylamino, and carboxy-C2-4 alkanoylamino, and wherein said 
benzamido or benzenesulphonamido substitutent or any anilino, phenoxy or 
phenyl group on a R 1 substituent may optionally bear one or two halogeno, C-|_4 
alkyl or C-|_4 alkoxy substituents; 
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and I is 0 to 3; 

fa,M~ — - h — -o 9 en, trifluorornethyl, c , 

V(CHR) or V where R and R . are each c I ? . 2> ' ( 2,V ' V(CRR ' >' 
group containing 0,1 or 2 carbo atoms " h ^ ^ V " 3 hydr ° Carby ' 

sulphonamide. amide 0 ^O) or NRb^^Lb 03 ^'' CH( ° H) ' CH(CN) ' 
alkvi- 3 oh D ( ,m NR where Rb is hydrogen or Rb is Cl A 

alkyl, and R JS an optionally substituted C« cycloalkvi or a 1-4 
substituted 5, 6 7 8 9 or 1 0 m^mhor.H u , cycloalkyl or an opt IO nally 
or R 3 is a ' ,J r° r10 - membered carbocyclic or heterocyclic moiety 
or R is a group ZR 4 in which Z is NR b and NR b «nn d<\ 
optionally substituted 5, 6 7 8 9 or 10 m^rl h k 9 ^ f0rm 30 

moiety; 10-membered carbocyclic or heterocyclic 

nitro and trifluorornethyl, and n is 1,2 or 3. a'koxycarbonyl, cyano, 

2- A compound of formuta (A, as Calmed in otaim 1 or a sat, theraof, wherein 



is selected from the group comprising: 



BNSDOCID: <WO 9713771A1_L> 



WO 97/13771 



47 



PCT/EP96/04399 




3. A compound of formula (A) as claimed in claim 1 or 2 or a salt thereof, 
wherein 



and I = 1 or 2. 

4. A compound as claimed in any one of claims 1 to 3, wherein X is N and Y 
is NR b f R b representing hydrogen or methyl. 

5. A compound as claimed in any one of claims 1 to 4, wherein R 1 is selected 
from the group comprising phenyl, furan, thiophene, pyrrole, oxazole, isoxazole, 
thiazole, isothiazole, imidazole, pyrazole and piperazine or a hydrogenated 
derivative of any of the aforementioned and is optionally substituted by one or 
more groups selected from hydroxy, halogen, trifluoromethyl, trifluoromethoxy, 
nitro, amino, cyano, C-|^j alkyl, C-|^j alkoxy, alkylcarbonyl , C1-4 
alkoxycarbonyl, formyl or carboxy; 

or R 1 is independently selected from the group comprising amino, hydrogen, 
halogen, hydroxy, nitro, C-|_8 alk y'. C1-8 a,kox y- benzyloxy, morpholino, 
thiomorpholino, thiomorpholino-1,1 -dioxide, pyrrolidino, piperidino, C-|.8 alkylthio, 
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aikylsulphinyl. Cl . 8 alkylsu.phonyl. alkylamino, dialkylamino, [di- 

?r' 4 3 " y amin0 * Cl " 4 a ' ky,en <0 ™ al W*™™' C^alkylamino-C^alkylene- 
(C-, _4alkyOam.n0 or hydroxy-C^alkylene-fC^alkyOamino. 

6. A compound as claimed in any one of the preceding claims, wherein R 1 is 
selected from the group comprising phenyl, furan. pyrazole, imidazole and 
p.peraz.ne. optionally substituted by one or more groups selected from . 
alkyl. formyl. carboxy or alkoxycarbonyl; or R 1 is independently selected 

ZJ h rZ C ° mPriSin9 hydr09en> hal09ea °^ ben ^'^. 
th.omorpho no th.omorpho.ino- 1.1 -dioxide. alkylamino. dialkylamino 

It? 1 " 4 /< !' kylIamino " C ^ alkylene-CC^ a.ky.)amino. C^alkylamino-C^ 
alkylene-CC^alkyDamino or hydroxy-C^alkylene-fC^alkyOamino. 

7. A compound as claimed in any one of the preceding claims, wherein R 2 is 
hydrogen. alkyl. alkoxy or halogen, preferably hydrogen or methyl 
more preferably hydrogen. 

8. A compound as claimed in any one of the preceding claims, wherein R4 js 
an optionally substituted 5 or 6-membered carbocyclic or heterocyclic moiety 
preferably an optionally substituted phenyl, dioxolanyl, thienyl. cyclohexyl or 
pyndyl group. 7 

9. A compound as claimed in claim 8, wherein the optional substituents for 
the carbocyclic or heterocyclic moiety are selected from the group comprising 
hydroxy, halogen, trifluoromethyl, trif.uoromethoxy, nitro, amino, cyano Cl 1 
alkyl, C1 _4 alkoxy, alkylthio, alkylcarbonyl. carboxylate and Ci . 
alkoxycarboxyl. 1-4 

10. A compound as claimed in any one of the preceding claims wherein 2 is 
oxygen, CH 2 , NRb NRb(CH 2 ). (CH 2 )NRb 0 (CH 2 ), (CH 2 )CN, 0(CF 2 ), (CH 2 )0 
(CF 2 )0, S(CH 2 ), S(0) m . carbonyl or dicarbonyl, preferably oxygen, dicarbonvl' 
OCH 2 . CH 2 (CN). S(0) m or NRb herein Rb is hydrogen or alkyl. 

11. A compound as claimed in any one of the preceding claims wherein R3 is 
selected from the group comprising benzyl, phenyl, pyhdyl, pyridylmethyl 
pyndyloxy. pyridylmethoxy. thienylmethoxy. dioxolanylmethoxy' 
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cyclohexylmethoxy, phenoxy, phenylthio. benzyloxy, halo-, dihalo- and 
trihalobenzyloxy, C1.4 alkoxybenzyloxy, phenyloxalyl or ph nylsulphonyl. 

12. A compound as claimed in any one of the preceding claims wherein is 
hydrogen, hydroxy, halogen, C-|_4 alkyl, C-j^ alkoxy, di-[C-|_4 alkyl]amino, nitro 
or trifluoromethyl, preferably hydrogen, halogen, trifluoromethyl or methyl, more 
preferably hydrogen. 

13. A compound as claimed in claim 1 selected from the group comprising: 
4-(4-Benzyloxyanilino)-6-ch!oropyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(A/-methylimidazol-5-yl)pyrido[3,4-d]pyrimidine; 
4-(4-Benzytoxyanilino)-6-(A/-methylimidazol-2-yl)pyrido[3,4-cr]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(A/-methylpyrazol-2-yl)pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(furan-2-yl)pyrido[3,4-d]pyrimidine; 
4-{4-Benzyloxyanilino)-6-(5-formylfuran-2-yl) pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(/V,/V-dimethylamino)pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(1-methylpiperazin-4-yl)-pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-[(1-Nbutoxycarbonyl)piperazin-4-yl]-pyrido[3,4- 
d]pyrimidine; 

4-(4-Benzyloxyanilino)-6-(thiomorpholin-4-yl)-pyrido[3,4-d]pyrimidine; 
4-(4-Benzyloxyanilino)-6-(thiomorpholine-1,1-dioxide-4-yl)-pyrido[3,4- 
d]pyrimidine; 

6-A/,A/-Dimethylamino-4-(4-phenoxyanilino)pyrido[3,4-d]pyrimidine; 

6-Chloro-4-(4-phenylthioanilino)pyrido[3,4-d)pyrimidine;. 

6-Chloro-4-(4-phenylsulphonylanilino)pyrido[3,4-dlpyrimidine;. 

6-(A/,A/-Dimethylamino)-4-(4-phenylsulphonylanilino)pyrido[3,4-d]pyrimidine; 

6-(1-Methylpiperazin-4-yl)-4-(4-phenylsulphonylanilino)-pyrido[3,4- 

d]pyrimidine; 

6-[A/-Methyl-A/-(2-dimethylaminoethyl)amino]-4-(4-phenylsulphonylanilino)- 
pyridol3,4-d]pyrimidine; 

6-[A/-Methyl-A/-(2-hydroxyethyl)amino]-4-(4-phenylsulphonylanilino)pyrido[3,4- 
d]pyrimidine; 

6-C hi oro-4-[4-( 1 , 3-d ioxolan-2-y I )methoxyan i I ino]pyrido[3 ,4-d]pyri mi d ine ; . 

6-(/V,A/-Dimethylamino)-4-{4-(1,3-dioxolan-2-yl)methoxyanilino]pyrido[3,4- 

d]pyrimidine; 

6-Benzyloxy-4-(4-benzyloxyanilino)pyrido[3,4-d]pyrimidine; 
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4-(4-Ben2yloxyanilino)pyrido[2,3-c7]pyrimidine; 
4-(4-Benzyloxyanilino)thieno[3,2-c(lpyrimidine; 

4-[3-Chloro^.(2-methoxyben2yloxy)anilino]thieno[3,2-tf|pyrimidine 

4.[3-Chloro-4-(2-fluorobenzyloxy)anilino]thieno[3,2-c7]pyrimidine; 

4-[4-(2-Bromobenzyloxy)-3-chloroanilino]thieno[3,2-dlpyrimidine 

4-[3-Methoxy-4-(2-methoxybenzyloxy)anilino]thieno[3,2<lpyrimidine 
4-(4-Benzylanilino)thieno[3,2-d]pyrimidine; 

4-(4-Phenoxyanilino)thieno[3 > 2-cf]pyrimidine; 

4-(4-(a,a.Difluorobenzyloxy)anilino)thieno[3,2-d]pyrimidine; 
4-[4-(2-Thienylmethoxy)anilino]thieno[3,2-d]pyrimidine; 
4-(4-Cyclohexylmethoxyanilino)thieno[3,2-<y]pyrimidine; 
7-Methyl-4-(4-phenoxyanilino)thieno[3.2-d]pyrimidine; 

4-(4-Benzyloxy-3-trifluoromethylanilino)-7-methylthieno[3 > 2-d]pyrimidine 
4-[3-Chloro-4-(2-fiuorobenzyloxy)anilino]-5.methylthieno[2,3-d]pyrimidine 

4- (4-Cyclohexylmethoxyanilino)-5-methylthieno[2,3-d]pyrimidine; 

5- Methyl-4-(4-phenoxyanilino)thieno[2,3-dlpyrimidine; 

4-(4-Phenoxyanilino)-5-(2-thienyl)thieno[2 ( 3-d]pyrimidine; 

4-(4-Benzyloxy-3-chloroanilino)^-(A/,/V-dimethylamino)pyrido[3 4- 
cfjpyrimidine; 

6- (A/,/V-Dimethyiamino)-4-(4-[1 -phenyl-1 -cyanomethylJanilino}-pyrido[3 4- 
d]pyrimidine; 

6-(A/,A/-Dimethylamino)-4-[4-(1-phenyl-1,2-dioxoethyl-2-yl)anilino]-pyrido[3 4- 
djpyrimidine; ' 

S^A/./V-DimethylaminoJ^-^pyridyl^-methoxyJanilinoJ-pyridoIS^- 
djpyrimidine; 

6-(A/,A/-DimethylaminoH-[4-(2-fluorobenzyloxy)anilino]pyrido[3,4- 
d]pyrimidine; 

6-(/V,A/-Dimethylamino)^.[4.(3-fluorobenzyloxy)anilino]pyrido[3,4^lpyrimidine 
and salts thereof, particularly pharmaceutical^ acceptable salts thereof. 

14. A compound as claimed in claim 1 3 selected from the group comprising 

4-{4-Benzyloxyanilino)-6-(A/-methylimidazol-5-yl)pyrido[3 1 4-d]pyrimidine- 

4-(4-Benzyloxyanilino)^-(A/,A/-dimethylamino)pyrido[3,4-d]pyrimidine 

e-t/V./V-DimethylaminoM-K-d.S-dioxolan^-yOmethoxyanilinoJpyridors 4- 
djpyrimidine; 1 

and salts thereof, particularly pharmaceutical^ acceptable salts thereof. 
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15. A pharmaceutical formulation comprising one or more compounds of 
formula (A), or pharmaceutical^ acceptable salt(s) thereof, together with one or 
more pharmaceutically acceptable carriers, diluents or excipients. 

16. A pharmaceutical formulation as claimed in claim 15 in unit dosage form 
and containing a compound of formula (A) or a pharmaceutically acceptable salt 
thereof in an amount from 70 to 700 mg. 

1 7. A process for the preparation of a compound of formula (A), comprising the 
reaction of a compound of formula (B): 



R 2 



X 



(B) 



with a compound of the formula C: 

YH 




(C) 

wherein L is a suitable leaving group and X, Y, I, n and R 1 to R 5 are as defined in 
claim 1. 

18. A process as claimed in claim 17 wherein the process also includes the 
step of converting one compound of formula (B) into another compound of 
formula (B) prior to the reaction with the compound of formula (C). 

19. A process as claimed in claim 17 or claim 18 wherein the process also 
includes the step of converting one compound of formula (C) into another 
compound of formula (C) prior to the reaction with the compound of formula (B). 
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20. A process as claimed in any one of claims 17 to 19, the process also 
including th step of converting one compound of formula (A) into another 
compound of formula (A). 

21 A compound of formula (A), or a pharmaceutical!/ acceptable salt thereof 
for use in therapy. 

22. Use of a compound of formula (A), or a pharmaceutical!/ acceptable salt 
thereof, in the manufacture of a medicament for the treatment of a disorder 
mediated by aberrant tyrosine kinase activity. 

23. Use of a compound of formula (A), or a pharmaceutical^ acceptable salt 
thereof, in the manufacture of a medicament for the treatment of malignant 
tumours. 

24. Use of a compound of formula (A), or a pharmaceutical^ acceptable salt 
thereof, ,n the manufacture of a medicament for the treatment of atherosclerosis 
restenosis or thrombosis. 

25 A method of treatment of a human or animal subject suffering from a 
disorder mediated by aberrant tyrosine kinase activity which comprises 
administering to the human or animal subject an effective amount of a compound 
of formula (A) or a pharmaceutical^ acceptable salt thereof. 
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